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Description
Technical Field

[0001] The present invention relates to a welding de-
vice for welding thermoplastic resin articles such as ther-
moplasticresin tubes having a diameter as small as about
0.2 to 10 mm, like catheters, or thermoplastic resin tubes
having a diameter exceeding 10 mm. More particularly,
the present invention pertains to a welding device capa-
ble of joining thermoplastic resin articles such that a joint
thereof has a smooth surface free of pinholes.

Background Art

[0002] Welding devices and methods for welding thin
thermoplastic resin tubes such as polyethylene tubes
have hitherto been put to practical use. Catheters, in par-
ticular, are small in diameter as well as in thickness, and
acatheter welding method has been known in which cath-
eters with different diameters are fitted one upon the other
and the overlaps of the catheters are covered with a heat-
shrinkable tube and welded together by making use of
the contractive force of the heat-shrinkable tube (see Pat-
ent Document 1, by way of example).

[0003] However, the method using a heat-shrinkable
tube has the following drawbacks: (1) itis difficult to cause
the heat-shrinkable tube to shrink uniformly; (2) it is dif-
ficult to automate the work of setting the heat-shrinkable
tube before welding and the work of removing the heat-
shrinkable tube after welding; and (3) the heat-shrinkable
tube cannot be reused. There has also been proposed
a thermal welding method for joining thermoplastic resin
tubes, wherein a pressurizing tube of, for example, sili-
cone rubber is used in place of a heat-shrinkable tube,
and thermoplastic resin tubes are thermally welded to-
gether with the pressurizing tube stretched in an axial
direction thereof such that a welding part to be welded
is compressed over its entire circumference (see Patent
Document 2, by way of example).

[0004] ReferringtoFIGS.33Ato33C, the conventional
method of welding thermoplastic resin tubes, disclosed
in Patent Document 2, will be explained. In this welding
method, first, as shown in FIG. 33A, a small-diameter
thermoplastic resin tube 52a and then a large-diameter
thermoplastic resin tube 52b are fitted on a core (man-
drel) 51, which is a supporting rod of metal such as stain-
less steel, such that distal end portions of the thermo-
plastic resin tubes are coaxially lapped one over the oth-
er, forming overlaps 53. Then, as shown in FIG. 33B, the
overlaps 53, which are a welding part to be welded, are
inserted into a pressurizing tube 54 held at both ends by
left and right chucks 55 and 56 and having good releas-
ability, such as a silicone tube. Subsequently, as shown
in FIG. 33C, the right chuck 56 is moved to the right as
indicated by arrows in the figure, to stretch the pressu-
rizing tube 54 in an axial direction thereof. When axially
stretched, the pressurizing tube 54 narrows in radial di-
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rections, that is, in directions perpendicular to the axis of
the core 51, and the inner wall of the pressurizing tube
54 compresses the overlaps 53 over their entire circum-
ference. With the overlaps 53 thus compressed, heat is
generated by a heat source 57 disposed around the pres-
surizing tube 54 so that the overlaps 53 may be melted
and thermally welded together by external heat. After the
thermal welding, the right chuck 56 is moved back to the
left as viewed in the figure to restore the original shape
of the pressurizing tube 54, and then the thermoplastic
resin tubes welded together are taken out.

[0005] This conventional method is advantageous in
that: (1) the overlaps of the thermoplastic resin tubes can
be compressed uniformly; (2) the compressive force of
the pressurizing tube can be varied by moving one of the
chucks, and the thermoplastic resin tubes can be easily
set or removed; and (3) the pressurizing tube can be
repeatedly used.

[0006] However, the conventional method is still asso-
ciated with some problems to be solved as the welding
method or device for thermoplastic resin tubes, including
the disadvantage that the conventional method is dedi-
cated to welding of overlapped thermoplastic resin tubes
having different diameters.

[0007] Let us suppose the case where, as shown in
FIG. 34A, thermoplastic resin tubes 62a and 62b fitted
on the core 51 as a supporting member and having the
same diameter are subjected to butt welding, by way of
example. As shown in FIG. 34B, even if the welding part,
that is, the abutting part (abutting faces and their vicini-
ties) of the thermoplastic resin tubes 62a and 62b, is lo-
cated in the middle of the pressurizing tube 54 (in the
figure, the position shifted by L/2 from the left end), the
pressurizing tube 54 stretches by AL, as shown in FIG.
34C, when the right chuck 56 is moved to the right as
indicated by arrows in the figure. Consequently, the mid-
point of the pressurizing tube 54 also shifts to the right
by AL/2. The abutting faces of the thermoplastic resin
tubes 62a and 62b tend to remain in the original position
because of the force of friction against the core 51, but
the inner wall of the pressurizing tube 54 moves in such
a direction as to separate the abutting faces from each
other. If the abutting faces of the thermoplastic resin
tubes 62a and 62b are separated from each other, a
space 63 is formed. Such space 63 givesrise to a problem
that pinholes are liable to be formed in the welded part.
[0008] The above conventional method is also associ-
ated with other problems as stated below. It is difficult to
compress the outer peripheries of the thermoplastic resin
tubes with a desired pressure. Since the pressurizing
tube 54 is directly heated by the heat source 57, it is
necessary to wait for the temperature of the pressurizing
tube 54 to become sufficiently low before the removal or
setting of the thermoplasticresin tubes. The conventional
method uses external heating and thus is not suited for
the connection of tubes of such a combination that the
melting point of the outside tube (outer tube) is lower than
that of the inner tube (see Patent Document 3, by way
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of example).

[0009] Also, the conventional method is used exclu-
sively for welding and joining thermoplastic resin articles
that are already formed into a tube, and does not take
into account the case of performing butt welding on a
thermoplastic resin sheet wound around the core to ob-
tain a thermoplastic resin tube, the case of performing
butt welding on flat thermoplastic resin articles to obtain
a flat thermoplastic resin plate, or the case of welding flat
thermoplastic resin plates lapped one over the other, for
example.

[0010] Patent Document 4 discloses a welding appa-
ratus for butt welding of tubular parts, wherein a heating
device is arranged around the outer periphery of the butt-
ed tubular parts. Further, a support device is arranged
inside the inner periphery of the butted tubular parts.
When the tubular parts are to be welded, compressed
air is supplied to a bladder to radially expand the bladder
such that the inner surfaces of the tubular parts are
pressed outward by the pressure exerted by the bladder.
[0011] In Patent Document 5 medical devices are de-
scribed in particular systems and methods for laser bond-
ing polymer catheter components by using laser energy
to create localized heat fusion bonds between two or
more polymer catheter components.

[0012] PatentDocument6 discloses avacuum sticking
device for semiconductor wafers to reduce bubbles pro-
duced in an adhesive agent securely by providing an
elastic body for directly pressing a semiconductor wafer.
In this context, chambers are evacuated by sucking air
through sucking ports and air is introduced through an
inlet port into one chamber.

Citation List
Patent Literature
[0013]

Patent Document 1: Unexamined Japanese Patent
Publication No. 3-280968

Patent Document 2: Unexamined Japanese Patent
Publication No. 8-108477

Patent Document 3: Unexamined Japanese Patent
Publication No. 8-238676

Patent Document 4: United States Patent No. US
5037500 A

Patent Document 5: United States Patent Applica-
tion Publication No. 2008/135170 A1

Patent Document 6: Japanese Patent Publication
No. JP H05116049 A

Summary of Invention
Technical Problem

[0014] The present invention provides a welding de-
vice for performing butt welding or lap welding on ther-
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moplastic resin articles, which device and method can
achieve the following objects: (a) pinholes can be pre-
vented from being formed in a welded part, thereby ob-
taining a smooth weld surface; (b) the pressure with
which a welding part to be welded is compressed can be
set to a desired pressure; and (c) a compressor such as
a pressurizing tube can be quickly cooled after welding.
The present invention can also attain the object of (d)
enabling internal heating which is suited for welding of
tubes of such a combination that the outer tube has a
lower melting point than the inner tube. Further, the
present invention achieves the object of (e) enabling re-
placement of a pressing unit of the welding device so that
thermoplastic resin articles of different sizes or the like
can be welded by the single welding device.

Solution to Problem

[0015] The present invention relates to a welding de-
vice according to claim 1.

[0016] As described later in the first embodiment, the
welding controller may be configured to supervise the
pressure controller and the heating controller such that
the heater starts heating after the compressor compress-
es the surface of the welding part of the thermoplastic
resin articles with the first pressure to press the thermo-
plastic resin articles against each other on the supporting
member and force out air present between the compres-
sor and the thermoplastic resin articles, and keeps heat-
ing while compressor compresses the thermoplastic res-
in articles with the second pressure to extending the com-
pressed surface region.

[0017] With this configuration, the surface of the weld-
ing part of the thermoplastic resin articles is first com-
pressed with the first pressure to compress the welding
part of the thermoplastic resin articles, and then the weld-
ing partand its vicinities of the thermoplastic resin articles
are compressed with the second pressure higher than
the first pressure without changing the relative position
between the compressor in the compressed surface re-
gion and the surface of the welding part of the thermo-
plastic resin articles, to weld the welding part.

[0018] Accordingly, the compressed surface region is
continuously extended, with the result that the welding
part and its vicinities of the thermoplastic resin articles
are continuously squeezed, whereby air voids including
very small ones can be expelled and thus the welded
part can be made to have a smooth weld surface free of
pinholes, thereby achieving the aforementioned object
(a).

[0019] Further, the present invention can be config-
ured to allow the pressure with which the welding part is
compressed to be set optionally by the welding control-
lers regulating the pressure applied to the compressor.
The present invention thus achieve the aforementioned
object (b).

[0020] In the welding device of the present invention,
the thermoplastic resin articles may tube-shaped ther-
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moplastic resin articles as seen in first, ninth, and thir-
teenth embodiments, for examples, in which case the
supporting member may be a core inserted in the tube-
shaped thermoplastic resin articles to support the tube-
shaped thermoplastic resin articles in close contact with
their circumferences.

[0021] In this case, the welding controller is configured
to supervise the pressure controller and the heating con-
troller such that the compressor compresses the surface
of the welding part in a direction perpendicular to the axis
of the core with the first pressure, and then compressed
with the second pressure without changing the relative
position between the compressor in the compressed sur-
face region and the surface of the welding part of the
thermoplastic resin articles, to extend the compressed
surface region in the axial direction of the core.

[0022] With this configuration, the surfaces of the weld-
ing part and its vicinities of the thermoplastic resin articles
are compressed with the predetermined pressure, and
the welding part and its vicinities of the thermoplastic
resin articles are welded.

[0023] In the welding device of the present invention
the compressor may be configured in various ways as
seen in fourth, fifth and sixth embodiments. The com-
pressor may include a pressurizing tube expandable and
contractible in directions perpendicular to the axis of the
core and a pressurizer configured to apply a fluid pres-
sure to the pressurizing tube in directions perpendicular
to the axis of the core, the pressurizer may be constituted
by a hollow housing having a hollow space to form a
cavity between a peripheral surface of the pressurizing
tube and the hollow housing, and afluid feeder configured
to supply a fluid to the cavity, wherein part of the hollow
housing is disposed in close contact with the pressurizing
tube to form the cavity between the peripheral surface of
the pressurizing tube and the hollow housing. The weld-
ing controller is configured to supervise the pressure con-
troller and the heating controller such that the fluid is sup-
plied to the cavity by the fluid feeder to deform the pres-
surizing tube in directions perpendicular to the axis of the
core and compress the surfaces of the thermoplastic res-
in articles.

[0024] This configuration makes it possible to weld the
welding part with a smooth weld surface free of pinholes,
thereby attaining the aforementioned object (a).

[0025] In the welding device of the present invention,
the thermoplastic resin articles may sheet-shaped ther-
moplastic resin articles as seen in a fourteenth embodi-
ment, in which case the compressor may include an ex-
tendable and contractible pressurizing sheet and a pres-
surizer configured to apply a fluid pressure to the pres-
surizing sheet, wherein the pressurizer is constituted by
a hollow housing having an open hole to form a cavity
between the pressurizing sheet and the hollow housing,
and a fluid feeder configured to supply a fluid to the cavity,
and part ofthe hollow housing is disposed in close contact
with the pressurizing sheet to form the cavity between
the pressurizing sheet and the hollow housing. The weld-
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ing controlleris configured to supervise the pressure con-
troller and the heating controller such that the fluid pres-
sure is supplied to the cavity by the fluid feeder to deform
the pressurizing sheet and compress the surfaces of the
thermoplastic resin articles. This configuration makes it
possible to weld the welding part with a smooth weld
surface free of pinholes, thereby achieving the aforemen-
tioned object (a) .

[0026] The compressor may be modified in various
ways. In the welding device of the present invention as
seen in seventh and eighth embodiments, the compres-
sor may include a pressurizing tube expandable and con-
tractible in directions perpendicular to the axis of the core
and a pressurizer configured to apply pressure to the
pressurizing tube in directions along the axis of the core.
The welding controller is configured to supervise the
pressure controller and the heating controller such that
the pressurizer applies pressure to the pressurizing tube
in directions along the axis of the core to deform the pres-
surizing tube in directions perpendicular to the axis of the
core and compress the surfaces of the thermoplastic res-
in articles.

[0027] In this manner, the pressurizing tube is axially
compressed so that the pressurizing tube may be de-
formed in directions perpendicular to the axis of the core
to compress the surfaces of the thermoplastic resin arti-
cles. Thus, the pressurizing tube is mechanically applied
with pressure in the axial direction, whereby an object of
the present invention can be achieved.

[0028] In the welding device of the present invention
as seen in a sixth embodiment, the pressurizing tube is
located outside of the thermoplastic resin articles, and
the pressurizing tube has an inner diameter varying in
an axial direction of the core such that the inner diameter
is large at end portions of the pressurizing tube and de-
creases toward a middle portion of the pressurizing tube.
[0029] With the pressurizing tube configured in this
manner, the portion with a small inner diameter first
comes into contact with the surfaces of the thermoplastic
resin articles, and thus, the pressure with which the weld-
ing part is compressed can be variably set as desired,
whereby the aforementioned object (b) can be achieved.
[0030] In the welding device of the present invention
as seen in athirteenth embodiment, the pressurizing tube
is located inside of the thermoplastic resin articles, and
the pressurizing tube has an outer diameter varying in
an axial direction of the core such that the outer diameter
is small at end portions of the pressurizing tube and in-
creases toward a middle portion of the pressurizing tube.
[0031] With the pressurizing tube having such config-
uration, the middle portion with a large outer diameter
first comes into contact with the inner surfaces of the
thermoplastic resin articles, and therefore, the pressure
with which the welding partis compressed can be variably
set as desired, thereby attaining the aforementioned ob-
ject (b).

[0032] In the welding device of the present invention
as seen in a tenth embodiment, the core is a tubular core
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(pipe) having a hollow in which the heater is arranged,
and the core is heated by the heater such that heat of
the heated core is transferred to the thermoplastic resin
articles to weld the thermoplastic resin articles together.
[0033] This configuration makes it possible to perform
internal heating which is suited for such a combination
of thermoplastic resin tubes that the melting point of the
outer tube is lower than that of the inner tube, whereby
the aforementioned object (d) can be achieved.

[0034] In the welding device of the present invention
as seen in the first embodiment, the heater is a high-
frequency induction heater, and the core is heated by the
heater such that heat of the heated core is transferred to
the thermoplastic resin articles to weld the thermoplastic
resin articles together.

[0035] With this configuration, internal heating can be
performed which is suited for such a combination of ther-
moplastic resin tubes that the melting point of the outer
tube is lower than that of the inner tube, thereby achieving
the aforementioned object (d).

[0036] In the welding device of the present invention
as seenin a ninth embodiment, the heater is a laser heat-
er, and the core is heated by the heater such that heat
ofthe heated core is transferred to the thermoplastic resin
articles to weld the thermoplastic resin articles together.
[0037] This configuration also makes it possible to per-
form internal heating which is suited for such a combina-
tion of thermoplastic resin tubes that the melting point of
the outer tube is lower than that of the inner tube, whereby
the aforementioned object (d) can be attained.

[0038] A pressing unit may comprise: a pressurizing
tube expandable and contractible in directions perpen-
dicular to the axis of the core; and a hollow housing having
a hollow space to form a cavity between a peripheral
surface of the pressurizing tube and the hollow housing,
the hollow housing having a pump connection hole com-
municating with the hollow space, wherein the pressu-
rizing tube and the hollow housing are unified such that
the pressing unit is attachable to and detachable from
the welding device, and wherein the pressurizing tube is
deformed when applied with a fluid pressure via the pump
connection hole, to compress the surfaces of the ther-
moplastic resin articles. Thus, when thermoplastic resin
articles of different size or the like need to be welded, the
pressing unit can be replaced with another suitable
pressing unit, thereby achieving the aforementioned ob-
ject (e).

[0039] In the welding device of the present invention
as seen in the first embodiment, a pressing unit is de-
tachably mounted to the welding device and configured
to hermetically fix the pressurizing tube to the hollow
housing. Thus, using a single welding device, a variety
of thermoplastic resin articles with different sizes or the
like can be welded together by just replacing the pressing
unit with another pressing unit.

[0040] In the welding device of the present invention
as seen in the fourteenth embodiment, a pressing unit is
detachably mounted to the welding device and config-
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ured to hermetically fix the pressurizing sheet to the hol-
low housing. Accordingly, using a single welding device,
avariety of thermoplastic resin articles with different sizes
or the like can be welded together by just replacing the
pressing unit with another suitable one.

[0041] In the welding device of the present invention
as seen in the first embodiment, the fluid feeder is con-
nected with a heater configured to heat the fluid such that
pressure of the heated fluid is used as the fluid pressure.
[0042] By using the heated gas or liquid as the fluid, it
is possible to heat the tubes or sheets to be welded from
both inside and outside in cases where the tubes or
sheets are large in thickness. Especially in cases where
a heat-resistant material such as silicone rubber is used
for the pressurizing tube or pressurizing sheet, oil or the
like heated up to 280°C, for example, can be used as the
heated fluid. Thus, even if the thickness of the tubes or
sheets is large, the tubes or sheets can be quickly heated
from both inside and outside and welded together.
[0043] In the welding device of the present invention
as seen in fifteenth and sixteenth embodiment, the pres-
sure controller is configured to perform pressurization
control and depressurization control.

[0044] With this configuration, the welding part can be
welded so as to have a smooth weld surface, thereby
achieving the aforementioned object (a).

[0045] In the welding device of the present invention,
as seen in first embodiment, the compressor may further
comprises a valve for adjusting fluid flow and pressure
in the cavity, wherein the welding controller is configured
to supervise the pressure controller and the heating con-
troller such that: after the welding, the valve is opened
to allow the heated fluid in the cavity discharged, and the
fluid feeder supplies a low-temperature fluid to the cavity
to cool the compressor.

Advantageous Effects of Invention

[0046] The welding device for performing butt welding
or lap welding on thermoplastic resin articles according
to the present invention achieve the following objects: (a)
to prevent formation of pinholes in the welded part to
obtain a smooth weld surface; (b) to enable optional set-
ting of the pressure with which the welding part is com-
pressed; (c) to quickly cool the compressor such as the
pressurizing tube after welding; (d) to enable internal
heating which is suited for the welding of tubes of such
a combination that the outer tube has a lower melting
point than the inner tube; and (e) to enable replacement
of the pressing unit for the welding device.

Brief Description of Drawings
[0047]
FIG. 1 is a perspective view illustrating an external

appearance of a welding device for thermoplastic
resin articles according to a first embodiment of the
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present invention.

FIG. 2 illustrates a schematic configuration of the
thermoplastic resin welding device according to the
first embodiment of the present invention.

FIG. 3 is a sectional view illustrating the internal
structure of a heating unit of the thermoplastic resin
welding device according to the first embodiment of
the present invention, as well as the positional rela-
tionship between the heating unit and a work.

FIG. 4 is an exploded perspective view of a pressing
unit for the thermoplastic resin welding device ac-
cording to the first embodiment of the present inven-
tion.

FIG. 5 is a flowchart illustrating operation of the ther-
moplastic resin welding device according to the first
embodiment of the present invention.

FIG. 6Ais asectional view illustrating a state in which
a distal end portion of the work having thermoplastic
resin articles fitted on a core is inserted into the heat-
ing unit according to the first embodiment of the
present invention.

FIG. 6B is asectional view illustrating a state in which
the work is positioned relative to the heating unit ac-
cording to the first embodiment of the presentinven-
tion.

FIG. 7 is a graph illustrating change in pressure ap-
plied by a compressor of the thermoplastic resin
welding device according to the first embodiment of
the present invention.

FIG. 8Ais asectional view illustrating a state in which
a first pressure is applied to the compressor in the
heating unit according to the first embodiment of the
present invention, to compress a welding part to be
welded, that is, abutting faces and their vicinities of
the thermoplastic resin articles.

FIG. 8B is an enlarged sectional view illustrating the
state in which the first pressure is applied to the com-
pressor in the heating unit according to the first em-
bodiment of the present invention, to compress the
welding part, namely, the abutting faces and their
vicinities of the thermoplastic resin articles.

FIG. 9Ais asectional view illustrating a state in which
a second pressure is applied to the compressor in
the heating unit according to the first embodiment of
the present invention, to extend a compressed re-
gion along the axis of the core.

FIG. 9B is an enlarged sectional view illustrating a
state of the abutting faces and their vicinities of the
thermoplastic resin articles compressed with the
second pressure by the compressor of the heating
unit according to the first embodiment of the present
invention.

FIG. 10A is a sectional view illustrating a state in
which the pressure applied to the compressor in the
heating unit according to the first embodiment of the
present invention is lowered to stop compression of
the work.

FIG. 10B is a sectional view illustrating a state in
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which the distal end portion of the work is being
pulled out of the compressor in the heating unit ac-
cording to the first embodiment of the present inven-
tion.

FIG. 11A is a sectional view of the work taken out of
the heating unit of the first embodiment of the present
invention after completion of butt welding.

FIG. 11B is a sectional view of a thermoplastic resin
tube obtained by butt welding according to the
present invention.

FIG. 12 is a perspective view of the pressing unit for
the thermoplastic resin welding device according to
the first embodiment of the present invention.

FIG. 13 is asectional view illustrating a state in which
the pressing unit of the thermoplastic resin welding
device according to the first embodiment of the
present invention is detached from a pump and a
valve.

FIG. 14A is a sectional view illustrating the internal
structure of a heating unit of a welding device for
thermoplastic resin articles according to a second
embodiment of the present invention, as well as the
positional relationship between the heating unit and
a work.

FIG. 14B is a sectional view illustrating a state in
which application of pressure to a compressor in the
heating unit according to the second embodiment of
the present invention is started.

FIG. 15A is a sectional view illustrating the internal
structure of a heating unit of a welding device for
thermoplastic resin articles according to a third em-
bodiment of the present invention, as well as the po-
sitional relationship between the heating unit and a
work.

FIG. 15B is a sectional view illustrating a state in
which pressure is applied to a compressor in the
heating unit according to the third embodiment of the
present invention.

FIG. 16A is a sectional view illustrating the internal
structure of a heating unit of a welding device for
thermoplastic resin articles according to a fourth em-
bodiment of the present invention, as well as the po-
sitional relationship between the heating unit and a
work.

FIG. 16B is a sectional view illustrating a state in
which pressure is applied to a compressor in the
heating unit according to the fourth embodiment of
the present invention.

FIG. 17 is a sectional view illustrating a state in which
pressure is applied to a compressor in a heating unit
of a welding device for thermoplastic resin articles
according to a fifth embodiment of the present inven-
tion.

FIG. 18 is a sectional view illustrating the internal
structure of a heating unit of a welding device for
thermoplastic resin articles according to a sixth em-
bodiment of the present invention, as well as the po-
sitional relationship between the heating unit and a
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work.

FIG. 19Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
seventh embodiment of the presentinvention and a
work.

FIG. 19B is a sectional view illustrating a state in
which a pressurizing tube of the thermoplastic resin
welding device according to the seventh embodi-
ment of the present invention is pushed from both
sides inward along the axis of the pressurizing tube.
FIG. 20A is a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to an
eighth embodiment of the present invention and a
work.

FIG. 20B is a sectional view illustrating a state in
which a pressurizing tube of the thermoplastic resin
welding device according to the eighth embodiment
of the present invention is pushed from both sides
inward along the axis of the pressurizing tube.

FIG. 21Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
ninth embodiment of the present invention and a
work.

FIG. 21B is a sectional view illustrating a state in
which pressure is applied to a heating unit of the
thermoplastic resin welding device according to the
ninth embodiment of the present invention.

FIG. 22Ais a sectional view illustrating the positional
relationship between a laser heating unit, which is a
heater of the thermoplastic resin welding device ac-
cording to the ninth embodiment of the present in-
vention, and the work.

FIG. 22B is a sectional view of a thermoplastic resin
tube welded by the thermoplastic resin welding de-
vice according to the ninth embodiment of the
present invention.

FIG. 23 is a sectional view illustrating the positional
relationship between a laser heating unit, which is
another heater of the thermoplastic resin welding de-
vice according to the ninth embodiment of the
present invention, and the work.

FIG. 24Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
tenth embodiment of the present invention and a
work.

FIG. 24B is a sectional view illustrating a state in
which pressure is applied to the heating unit of the
thermoplastic resin welding device according to the
tenth embodiment of the present invention.

FIG. 25 illustrates a core and a thermoplastic resin
article spirally wound on the core, according to an
eleventh embodiment of the present invention.
FIG. 26 is a sectional view illustrating a state in which
pressure is applied to a heating unit of a welding
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device for thermoplastic resin articles according to
the eleventh embodiment of the present invention.
FIG. 27 illustrates a core and a thermoplastic resin
article wound around the core, according to a twelfth
embodiment of the present invention.

FIG. 28 is a sectional view illustrating a state in which
pressure is applied to a heating unit of a welding
device for thermoplastic resin articles according to
the twelfth embodiment of the present invention.
FIG. 29A is a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
thirteenth embodiment of the present invention and
a work.

FIG. 29B is a sectional view illustrating a state in
which pressure is applied to the heating unit of the
thermoplastic resin welding device according to the
thirteenth embodiment of the present invention.
FIG. 30Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
fourteenth embodiment of the present invention and
a work.

FIG. 30B is a sectional view illustrating a state in
which pressure is applied to the heating unit of the
thermoplastic resin welding device according to the
fourteenth embodiment of the present invention.
FIG. 31Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
fifteenth embodiment of the present invention and a
work.

FIG. 31B is a sectional view illustrating a state in
which pressure in the heating unit of the thermoplas-
ticresin welding device according to the fifteenth em-
bodiment of the present invention is reduced.

FIG. 32Ais a sectional view illustrating the positional
relationship between a heating unit of a welding de-
vice for thermoplastic resin articles according to a
sixteenth embodiment of the present invention and
a work.

FIG. 32B is a sectional view illustrating a state in
which pressure in the heating unit of the thermoplas-
tic resin welding device according to the sixteenth
embodiment of the present invention is reduced.
FIG. 32C is a sectional view illustrating a state in
which the pressure in the heating unit of the thermo-
plastic resin welding device according to the six-
teenth embodiment of the present invention is re-
stored to a level before depressurization.

FIG. 33A is a sectional view illustrating a state in
which a small-diameter thermoplastic resin tube and
a large-diameter thermoplastic resin tube are fitted
on a conventional core so as to overlap each other.
FIG. 33B is a sectional view illustrating a state in
which a welding part of the thermoplastic resin tubes
is inserted into a pressurizing tube of a conventional
welding device for thermoplastic resin articles.
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FIG. 33C is a sectional view illustrating a state in
which the welding part of the thermoplastic resin
tubes is compressed by the pressurizing tube of the
conventional thermoplastic resin welding device,
with the pressurizing tube stretched in its axial direc-
tion.

FIG. 34A is a sectional view illustrating a state in
which end faces of a pair of thermoplastic resin tubes
with an equal diameter are butted against each other
on the conventional core.

FIG. 34B is a sectional view illustrating a state in
which the welding part of the thermoplastic resin
tubes is inserted into the pressurizing tube of the
conventional thermoplastic resin welding device.
FIG. 34C is a sectional view illustrating a state in
which the welding part of the thermoplastic resin
tubes is compressed by the pressurizing tube of the
conventional thermoplastic resin welding device,
with the pressurizing tube stretched in its axial direc-
tion.

Description of Embodiments
(First Embodiment of the Present Invention)

[0048] FIG. 1 is a perspective view illustrating an ex-
ternal appearance of a welding device 10 for thermoplas-
tic resin articles according to a first embodiment of the
present invention. The welding device 10 has a heating
unit 12 and a position sensor 15 arranged on an upper
surface of a body 11 thereof, and has a carriage 14 mov-
able along a guide rail 13 provided on the upper surface
of the body 11. The carriage 14 includes a movable base
14a, a V-shaped groove 14b and a clamp 14c, and is
configured such that, with a work 9 pressed by the clamp
14cintothe V-shaped groove 14b cutin the upper surface
of the movable base 14a, one end portion of the work 9
can be inserted into and taken out of a hole 12a in the
heating unit 12. The work 9 includes tubular thermoplas-
tic resin articles 2a and 2b fitted on a core (mandrel) 1,
which is a supporting member as described later. A weld-
ing manipulator 16 is arranged at the front of the body
11, and a monitor 17 is arranged at the back of the body
11. The monitor 17 displays operating conditions, oper-
ating state and the like.

[0049] FIG. 2 illustrates a schematic configuration of
the thermoplastic resin welding device 10 according to
the first embodiment of the present invention. As already
mentioned above, the heating unit 12, the position sensor
15 and the carriage 14 are arranged on the upper surface
of the body 11, the welding manipulator 16 is arranged
atthe front of the body 11, and the monitor 17 is arranged
at the back of the body 11.

[0050] Adrive motor 18 and afeed screw 19 for moving
the carriage 14 are housed in the body 11. The body 11
also accommodates controllers including a feed control-
ler 20, a welding controller 21, a pressure controller 22
and a heating controller 23, as well as a memory 24 for
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storing welding conditions and other related data.
[0051] The welding controller 21 performs integrated
control of welding operation in accordance with instruc-
tions from an operator using the welding manipulator 16
and the monitor 17, and supervises the feed controller
20, the pressure controller 22 and the heating controller
23 to carry out a desired welding operation. The pressure
controller 22 controls the pressure of a compressor ar-
ranged in the heating unit 12. The heating controller 23
controls a heater such as a high-frequency induction
heater or a laser heater.

[0052] FIG. 3 is a schematic sectional view illustrating
the internal structure of the heating unit 12 of the ther-
moplastic resin welding device 10 according to the first
embodiment of the present invention, as well as the po-
sitional relationship between the position sensor 15 and
the work 9 having the thermoplastic resin articles 2a and
2b fitted on the core 1. To facilitate understanding of the
invention, a hollow housing 3, a pressurizing tube 4 and
retainers 7 are also illustrated in the exploded perspec-
tive view of FIG. 4.

[0053] The heating unit 12 is obtained by making a
through hole 3h in the hollow housing 3 made of a non-
metallic material such as plastic, and inserting the pres-
surizing tube 4, which may be a silicone rubber tube, into
the through hole 3h. The retainers 7, each in the form of
aring with a wedge-shaped section, are press-fitted into
the opposite ends of the pressurizing tube 4 to fix the
pressurizing tube 4 in the through hole 3h of the hollow
housing 3.

[0054] The hollow housing 3 constitutes a columnar
outer shell having a cavity (hollow space) therein, and
the through hole 3h opens on both end faces of the co-
lumnar shell. The pressurizing tube 4, which is, for ex-
ample, a silicone rubber tube, is inserted into the through
hole 3h, and the ring-shaped retainers 7 are pushed in
to bring the outer peripheral surfaces of the opposite end
portions of the pressurizing tube 4 into close contact with
the inner peripheral surface of the through hole 3h,
whereby a cavity 3a is formed by hermetically closing
part of the internal space of the hollow housing 3 with the
pressurizing tube 4.

[0055] A pump 5is connected to one end of the hollow
housing 3 through a pump connection hole 3i,and a valve
8 is connected to the other end of the hollow housing 3
through a valve connection hole 3k. The gap between
the hollow housing 3 and each of the pressurizing tube
4, the pump 5 and the valve 8 is hermetically sealed up
so that air introduced into the sealed cavity 3a by the
pump 5 can be kept at a predetermined pressure and
also can be let in or out as needed. The hollow housing
3, the pressurizing tube 4, the pump 5, the retainers 7
and the valve 8 constitute a "compressor" of the heating
unit 12. On the other hand, the compressor and a high-
frequency induction coil 6 arranged as a heater around
the hollow housing 3 constitute the heating unit 12. The
inner hole in the pressurizing tube 4 is open at both ends,
and therefore, the work 9 can be inserted into and with-
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drawn from the inner hole of the pressurizing tube 4
through the inner hole of the ring-shaped retainer 7 fixed
to the hollow housing 3.

[0056] The positionsensor 15isarranged in the vicinity
of the inlet opening of the pressurizing tube 4. The posi-
tion sensor 15, which is configured to measure the
amount of movement of the thermoplastic resin articles
2a and 2b by using an image recognition unit such as a
CCD image sensor, detects abutting faces A of the ther-
moplastic resin articles 2a and 2b and then measures
the amount of distance over which the thermoplasticresin
articles 2a and 2b are moved thereafter.

[0057] Whenitisjudged on the basis of the information
from the position sensor 15 that the abutting faces A of
the thermoplastic resin articles 2a and 2b have reached
the midpoint of the pressurizing tube 4, the feed controller
20 stops feeding the carriage 14 carrying the work 9 ther-
eon and positions the carriage 14. Then, the pressure
controller 22 causes the pump 5 to feed air into the cavity
3a so that the abutting faces A and their adjoining sur-
faces of the thermoplastic resin articles 2a and 2b may
be compressed and gripped by the inner wall of the swol-
len pressurizing tube 4. The valve 8 is configured to con-
trol the pressure in the cavity 3a and, when closed, can
keep the pressure in the cavity 3a at either of a first pres-
sure (P1) and a second pressure (P2) higher than the
first pressure. When opened, the valve 8 allows the air
in the cavity 3a to be discharged, thereby lowering the
pressure in the cavity 3a. When the thermoplastic resin
articles 2a and 2b fitted on the core 1 are compressed
by the inner wall of the pressurizing tube 4, air present
in the gap between the core 1 and the thermoplasticresin
articles 2a and 2b is forced out.

[0058] The pressure controller 22 can perform not only
pressurization control but complex control, namely, a
combination of the pressurization control and depressu-
rization control, as in fifteenth and sixteenth embodi-
ments explained later with reference to FIGS. 31 and 32.
[0059] Numerous turns of the high-frequency induction
coil 6 are disposed around the outer periphery of the hol-
low housing 3. While the core 1 having the thermoplastic
resin articles 2a and 2b fitted thereon is inserted in the
pressurizing tube 4, high-frequency electric current is
supplied from a high-frequency power supply, not shown,
to the high-frequency induction coil 6 under the control
of the heating controller 23. As a consequence, the core
1, which is a rod of metal such as stainless steel, gener-
ates heat, and the abutting faces A of the thermoplastic
resin articles 2a and 2b fitted on the core 1 are melted
and welded together. The number of turns and diameter
of the high-frequency induction coil 6 may be set so as
to be optimized for required heating conditions. Depend-
ing on conditions, a single turn of the high-frequency in-
duction coil 6 may suffice.

[0060] Afterthe welding, the valve 8 is opened, where-
upon the heated high-temperature air is discharged and
unheated low-temperature air flows into the cavity 3a.
Accordingly, the pressurizing tube 4 and the hollow hous-
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ing 3 are cooled. The pump 5 is thereafter stopped, with
the result that the pressure in the cavity 3a lowers. Thus,
since the pressurizing tube 4 stops applying the com-
pressive force and recovers its original shape, the inner
wall of the pressurizing tube 4 separates from the sur-
faces of the thermoplastic resin articles 2a and 2b. Ac-
cordingly, the welded thermoplastic resin articles 2a and
2b can be pulled out with a small force.

[0061] In the thermoplastic resin welding device, the
"compressor" is constituted by the hollow housing 3, the
pressurizing tube 4, the pump 5, the retainers 7 and the
valve 8 as stated above, and out of these components,
those excluding the pump 5 and the valve 8, as shown
in FIG. 4, constitute a "pressing unit", which is a replace-
able unit. A plurality of types of "pressing units" for ther-
moplastic resin articles with different outer diameters are
prepared beforehand, and a "pressing unit" matching a
target outer diameter is selected for replacement and
connected to the pump 5 and the valve 8 of the thermo-
plastic resin welding device 10. Such pressing units en-
able a single welding device to weld tubular thermoplastic
resin articles with different outer diameters. Where nec-
essary, a pressing unit for a certain outer diameter may
be replaced with another pressing unit for the same outer
diameter but with a different structure to perform welding
operation.

[0062] FIG. 5is aflowchart illustrating operation of the
thermoplastic resin welding device according to the first
embodiment of the present invention. The operation will
be explained below with reference to the flowchart. In the
following explanation, reference will also be made to the
other drawings (FIGS. 6A to 11B) illustrating the opera-
tion, to facilitate understanding of the invention.

[0063] As afirst step, the operator fits the tubular ther-
moplastic resin articles 2a and 2b on the core (mandrel)
1 from its opposite ends and positions the thermoplastic
resin articles 2a and 2b such that their end faces abut
against each other (Step S1). Then, the thermoplastic
resin articles 2a and 2b (work 9) are placed in the V-
shaped groove 14b of the movable base 14a, shown in
FIG. 1, and are held in position by the clamp 14c. Under
the control of the feed controller 20, the movable base
14a is moved toward the hole 12a of the heating unit 12
by the drive motor 18 and the feed screw 19, and the
core 1 is inserted at one end into the hole 12a of the
heating unit 12 (Step S2), as shown in FIG. 3. The feed
controller 20 repeatedly determines whether the abutting
faces A have been detected or not until the abutting faces
A are detected by the position sensor 15 (No in Step S3).
When the abutting faces A are detected by the position
sensor 15 (Yes in Step S3) as illustrated in FIG. 6A, the
feed controller 20 causes the drive motor 18 to feed the
abutting faces A to a predetermined position, that is, the
midpoint of the pressurizing tube 4 as illustrated in FIG.
6B (Step S4).

[0064] When the predetermined position is reached by
the abutting faces A, the feed controller 20 stops the drive
motor 18, and the pressure controller 22 drives the pump
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5. As a result, the pressure in the cavity 3a rises, and
after alapse of time t1 shown in FIG. 7, the abutting faces
A and their vicinities are compressed and gripped with
the first pressure (P1) by the pressurizing tube 4 (Step
S5). That is, the pressurizing tube 4 narrows in directions
perpendicular to the axis of the core 1, namely, in radially
inward directions as shown in FIG. 8A, and the inner wall
of the pressurizing tube 4 compresses the abutting faces
A and their adjoining portions of the thermoplastic resin
articles 2a and 2b. At this time, the abutting faces A of
thethermoplasticresin articles 2a and 2b arefirstpressed
againsteach otheronthe core 1. Thus, although the abut-
ting faces A of the thermoplastic resin articles 2a and 2b
are compressed with a greater force, relative position
between the pressurizing tube 4 as the compressor and
the surface of a welding part of the thermoplastic resin
articles 2a and 2b remains unchanged, so that the abut-
ting faces A are not displaced. Since the first pressure
(P1) is low, the opposite end portions of the pressurizing
tube 4 remain separated from the core 1, leaving a gap
perpendicular to the axis of the core 1. Consequently, air
present between the pressurizing tube 4 and the thermo-
plastic resin articles 2a and 2b is forced out from the
opposite ends of the pressurizing tube 4, as indicated by
small outline arrows (B) in FIG. 8B. Also, air voids includ-
ing very small ones are expelled from between the core
1 and the thermoplastic resin articles 2a and 2b.

[0065] Subsequently,the heating controller 23 controls
the heating power supply to start heating the core 1 by
the high-frequency induction coil 6. Heat of the core 1 is
transferred to the thermoplastic resin articles 2a and 2b,
so that the thermoplastic resin articles 2a and 2b begin
to soften (Step S6) .

[0066] Attime t2in FIG. 7 after a lapse of a fixed time,
the pressure controller 22 starts to increase the pressure,
and the pressure is continuously increase until the sec-
ond pressure (P2) is reached (at time t3 in FIG. 7). Thus,
as shown in FIG. 9A, the compressed region is extended,
as indicated by outline arrows (C) in FIG. 9B. Specifically,
as shown in the enlarged sectional view of FIG. 9B, the
compressed region where the inner wall of the pressu-
rizing tube 4 presses the surfaces of the thermoplastic
resin articles 2a and 2b extends in both directions along
the axis of the core 1 from the middle toward the opposite
ends of the pressurizing tube 4. This action is equivalent
to "squeezing" the surfaces of the thermoplastic resin
articles 2a and 2b from the abutting faces toward the
opposite ends, and therefore, air voids present between
the pressurizing tube 4 and the thermoplastic resin arti-
cles 2a and 2b, including very small air voids, are forced
out from the opposite ends of the pressurizing tube 4.
Also, air voids present between the core 1 and the ther-
moplastic resin articles 2a and 2b, including very small
air voids, are expelled as well (Step S7).

[0067] The core 1 is continuously heated thereafter
with the pressure kept at the second pressure (P2), and
this permits the abutting faces A of the thermoplasticresin
articles 2a and 2b to be welded together with a smooth

10

15

20

25

30

35

40

45

50

55

10

weld surface free of pinholes. After the thermoplastic res-
in articles are satisfactorily welded together, the heating
controller 23 stops heating the core (Step S8).

[0068] As for the heating start timing, the heating may
be started while the pressure is being increased from the
first pressure (P1) to the second pressure (P2) or when
the pressure reaches the second pressure (P2). For ex-
ample, in FIG. 7, the heating may be started at any time
between time t2 and time t3 or may be started at a later
time than time t3.

[0069] In the flowchart of FIG. 5, Step S5 "Grip With
First Pressure" is followed by Step S6 "Start Heating"
and Step S7 "Raise Pressure to Second Pressure, and
Extend Compressed Region for Squeezing". The point
here is that Step S5 is executed before Steps S6 and S7,
and Steps S6 and S7 may be reversed in order or may
be executed concurrently. The heating may be started
at an appropriate time best suited for various conditions
such as the material and thickness of the thermoplastic
resin articles 2a and 2b. The same applies to the heating
stop timing.

[0070] After the welding, the pressure controller 22
opens the valve 8 (at time t4 in FIG. 7) as illustrated in
FIG. 10A, to discharge the heated air and lower the pres-
sure. When the pressure of the compressor becomes
zero (attimet5in FIG. 7), the pressurizing tube 4 recovers
its original shape and separates from the thermoplastic
resin articles 2a and 2b. The heated air is discharged
and fresh low-temperature air is fed into the cavity 3a by
the pump 5, whereby the pressurizing tube 4 and the
hollow housing 3 are quickly cooled.

[0071] In the state illustrated in FIG. 10B, the thermo-
plastic resin articles 2a and 2b are no longer compressed
by the compressor, and accordingly, the thermoplastic
resin articles 2a and 2b and the core 1 can be pulled out
with a small force. Then, the thermoplastic resin articles
2a and 2b and the core 1 are detached from the carriage
14 as shown in FIG. 11A, and the core 1 is removed as
showninFIG. 11B, whereby a welded thermoplasticresin
tube is obtained (Step S9).

[0072] In the above explanation, the two tubular ther-
moplastic resin articles 2a and 2b are fitted on the core
1 from its opposite ends and the end faces of the ther-
moplasticresin articles 2a and 2b are butted against each
other and welded together. Also in the case where the
two thermoplastic resin articles 2a and 2b are fitted on
the core 1 from its opposite ends and the end portions
of the thermoplastic resin articles 2a and 2b are lapped
one over the other, the overlaps of the thermoplastic resin
articles 2a and 2b can be welded in like manner.
[0073] In the welding device of the present invention
wherein butt welding or lap welding is performed on ther-
moplastic resin articles, the thermoplastic resin articles
2a and 2b are heated while the surfaces thereof are
"squeezed" from the central welding part toward the op-
posite ends, whereby (a) a smooth weld surface free of
pinholes can be obtained. Also, the "compressor" is con-
figured such that the pressure in the internal cavity 3a is
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adjusted to compress the thermoplastic resin articles 2a
and 2b by the pressurizing tube 4 having

flexibility, and therefore, (b) the pressure with which the
welding part is compressed can be set as desired. After
the welding, the pressure in the cavity 3a of the "com-
pressor" is released and fresh air is introduced into the
cavity 3a, whereby (c) the compressor such as the pres-
surizing tube can be cooled quickly after the welding.
Further, since the core 1 is heated, (d) it is possible to
carry out internal heating which is suited for such a com-
bination of thermoplastic resin articles 2a and 2b that the
melting point of the outside article is lower than that of
the inside article. The pressing unit constituted by the
hollow housing 3, the pressurizing tube 4 and the retain-
ers 7 can be easily attached to and detached from the
welding device, whereby (e) the pressing unit of the weld-
ing device can be replaced with ease.

[0074] In the aforementioned pressurization method,
the compressor utilizes air pressure by way of example.
If necessary, pressure of other gases such as inert gas
may be used, and the same effects can be obtained also
in the case where pressure of liquid such as oil or water
is used. The gas or liquid to be used may be at room
temperature or may be heated in advance to high tem-
perature. Where the gas or liquid heated in advance to
high temperature is used, the thermoplastic resin articles
to be welded can be heated both from inside and outside,
and this makes it possible to weld thermoplastic resin
articles with large thickness in a short time. In this man-
ner, the pressurization method may be appropriately
modified as needed.

[0075] Also, in the above description, a straight metal
rod is exemplified as the core. Where necessary, a
curved or bent core may be used, and the pressurizing
tube may be configured to expand and contract following
the shape of the core.

[0076] Inthe above embodiment of the present inven-
tion, the hollow housing 3 having the pressurizing tube
4 fixed to the through hole 3h by the retainers 7 is con-
nected to the pump 5 and the valve 8, as shown in the
perspective view of FIG. 4. FIG. 12 is a perspective view
illustrating an external appearance of the assembly com-
prising the retainers 7, the pressurizing tube 4 and the
hollow housing 3. Pressing units of which the hollow
housing 3 has the same outer shape as that illustrated
in FIG. 12 and of which the pressurizing tube 4 has a
differentinner diameter or a different thickness oris made
of a different material may be prepared for replacement.
As illustrated in FIG. 13, the pressing unit may be de-
tached from the pump 5 and the valve 8 and may be
replaced with a different pressing unit, in which case var-
ious thermoplastic resin articles can be welded using var-
ious pressing units having different dimensions or made
of different materials.

[0077] Although the foregoing embodiment uses both
of the pump 5 for generating fluid pressure and the valve
8 for discharging the fluid to lower the pressure, the valve
8 may be omitted. Pumps include a type which allows
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fluid to escape and thereby lowers pressure as soon as
operation thereof is stopped, and such a pump may be
used as the pump 5 because it is capable of raising the
pressure to the first and second pressures (P1, P2), dis-
charging the fluid and reducing the pressure by itself. In
this case, the hollow housing 3 is provided with the
through hole 3h and the pump connection hole 3i, and
the valve connection hole 3k is omitted.

[0078] Also, as amethod offixing the pressurizing tube
4 to the through hole 3h of the hollow housing 3, a con-
figuration may be employed such that the pressurizing
tube 4 is directly bonded or welded to the hollow housing
3 beforehand, thus making it unnecessary to use the re-
tainers 7.

[0079] Further, a fluid heating-heat retaining unit may
be arranged upstream or downstream of the pump 5, to
heat the fluid to a predetermined temperature and feed
the heated fluid by the pump 5.

(Second Embodiment of the Present Invention)

[0080] FIGS. 14A and 14B illustrate the internal struc-
ture of a heating unit of a welding device for thermoplastic
resin articles according to a second embodiment of the
present invention, as well as the positional relationship
between the heating unit and a work. The thermoplastic
resin welding device according to the second embodi-
ment of the presentinvention is characterized in that par-
tition walls 31b for adjusting pressure distribution are
formed on the inner wall of a hollow housing 31 of the
compressor. Like reference signs are used to denote like
parts appearing in the first embodiment, and description
of such parts is omitted.

[0081] Asillustratedin FIG. 14A, the partition walls 31b
protrude from the inner wall of the hollow housing 31 of
the compressor in radial directions of the core 1, that is,
in directions perpendicular to the axis of the core 1. The
interior of the hollow housing 31 is divided into three spac-
es by the partition walls 31b. In the second embodiment,
the pump connection hole is formed in an axially central
portion of the hollow housing 31. A central space 31a
(cavity) connected directly to the pump 5 serves as a
high-pressure air chamber into which air directly flows
from the pump 5, and right and left spaces 31c, 31c (cav-
ities) serve as low-pressure air chambers into each of
which the air in the high-pressure air chamber 31a flows
through a gap between the partition wall 31b and the
outer peripheral surface of the pressurizing tube 4.
[0082] FIG. 14Billustrates a state in which air pressure
has begun to be applied to the compressor of the heating
unit according to the second embodiment of the present
invention. Since the partition walls 31b are formed on the
inner wall of the hollow housing 31 of the compressor,
the pressurizing tube 4 first presses portions of the ther-
moplastic resin articles 2a and 2b around the abutting
faces A even for a short period of time and, with the abut-
ting faces A compressed in close contact with each other,
squeezes the thermoplastic resin articles 2a and 2b from
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the vicinities of the abutting faces A outward. Conse-
quently, the core 1 and the thermoplastic resin articles
2a and 2b are brought into close contact with each other
at the welding part, that is, at the abutting faces A and
their vicinities of the thermoplastic resin articles 2a and
2b, and air voids (gas voids), including very small ones,
are removed. The thermoplastic resin articles 2a and 2b
held in such a state are heated, whereby the thermoplas-
tic resin articles 2a and 2b can be welded and joined
together with a smooth weld surface free of pinholes. In
this manner, the second embodiment can provide advan-
tageous effects similar to those obtained by the foregoing
embodiment.

[0083] In the second embodiment illustrated in FIGS.
14A and 14B, the interior of the hollow housing 31 is
divided by the two partition walls 31b, 31b into three spac-
es, but a desired number of partition walls 31b may be
provided to divide the interior of the hollow housing 31
into a desired number of spaces as needed.

(Third Embodiment of the Present Invention)

[0084] FIGS. 15A and 15B illustrate the internal struc-
ture of a heating unit of a welding device for thermoplastic
resin articles according to a third embodiment of the
present invention, as well as the positional relationship
between the heating unit and a work. The thermoplastic
resin welding device according to the third embodiment
of the present invention is characterized in that a pres-
surizing tube 4b of the compressor has a greater thick-
ness at its opposite end portions and a smaller thickness
at its middle portion. Like reference signs are used to
denote like parts appearing in the foregoing embodi-
ments, and description of such parts is omitted.

[0085] As seen from FIG. 15A, the thickness of the
pressurizing tube 4b is increased at the opposite end
portions and is reduced at the middle portion. The pres-
surizing tube 4b is an elastic tube made of, for example,
silicone rubber. Thus, a tube portion with a greater thick-
ness is less liable to be deformed, and a tube portion with
a smaller thickness is more liable to be deformed. When
pressure is applied by the pump 5, the inner diameter of
the middle portion with a small thickness narrows first,
so that the abutting faces A and their vicinities of the
thermoplastic resin articles 2a and 2b are compressed
first. Then, with the abutting faces A of the thermoplastic
resin articles 2a and 2b compressed in close contact with
each other, the pressurizing tube 4b squeezes the ther-
moplastic resin articles 2a and 2b from the vicinities of
the abutting faces A outward, with the result that the com-
pressed region extends axially outward. The core 1 and
the thermoplastic resin articles 2a and 2b are brought
into close contact with each other at the welding part,
that is, at the abutting faces A and their vicinities of the
thermoplastic resin articles 2a and 2b, and therefore, air
voids including very small ones are removed. FIG. 15B
illustrates a state in which air pressure is applied to the
compressor of the heating unit according to the third em-
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bodiment of the presentinvention. The thermoplasticres-
inarticles held in the illustrated state are heated, whereby
the thermoplastic resin articles can be welded and joined
together with a smooth weld surface free of pinholes. In
this manner, the third embodiment also can provide ad-
vantageous effects similar to those achieved by the fore-
going embodiments.

(Fourth Embodiment of the Present Invention)

[0086] FIGS. 16A and 16B illustrate the internal struc-
ture of a heating unit of a welding device for thermoplastic
resin articles according to a fourth embodiment of the
present invention, as well as the positional relationship
between the heating unit and a work.

[0087] In the first to third embodiments described
above, the through hole 3h is formed in the hollow hous-
ing 3 (31), the pressurizing tube 4 (4b) made of elastic
material such as silicone rubber is passed through the
through hole 3h, and the ring-shaped retainers 7 each
having a wedge-like section are pressed into the respec-
tive opposite ends of the pressurizing tube 4 (4b), to fix
the pressurizing tube 4 (4b) in the through hole 3h of the
hollow housing 3. The thermoplastic resin welding device
according to the fourth embodiment of the present inven-
tion is characterized in that a pressurizing tube 4c has a
shape resembling a doughnut.

[0088] In the fourth embodiment of the present inven-
tion, the doughnut-shaped pressurizing tube 4c has a
small center hole (innerhole), and the thermoplastic resin
articles 2a and 2b are passed through the center hole.
The doughnut-shaped pressurizing tube 4c¢ has an outer
circumferential surface and right and left side surfaces,
as viewed in FIGS. 16A and 16B, covered with an annular
frame 32 having a rectangular sectional shape and open-
ing radially inward. The frame 32 surrounding the dough-
nut-shaped pressurizing tube 4c serves as a guide frame
for restricting the position of the doughnut-shaped pres-
surizing tube 4c. In the figures, like reference signs are
used to denote like parts appearing in the foregoing em-
bodiments, and description of such parts is omitted.
[0089] As illustrated in FIG. 16A, air is fed into the
doughnut-shaped pressurizing tube 4c¢ from the pump 5
connected to an outer circumferential portion of the
doughnut-shaped pressurizing tube 4c, to increase the
internal pressure for expansion. Movement of the outer
circumferential portion of the doughnut-shaped pressu-
rizing tube 4c is restricted by the frame 32, so that the
center hole narrows and compresses the abutting faces
A of the tubular thermoplastic resin articles 2a and 2b.
With the thermoplastic resin articles 2a and 2b held in
this state, the core 1 is heated by the high-frequency
induction coil 6 arranged within the doughnut-shaped
pressurizing tube 4c, whereby the thermoplastic resin
articles 2a and 2b are heated from inside to be welded
together.

[0090] FIG. 16B illustrates a state in which air pressure
is further applied to the compressor of the heating unit
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according to the fourth embodiment of the presentinven-
tion. As seen from the figure, the compressed region cre-
ated by the doughnut-shaped pressurizing tube 4c ex-
tends from the abutting faces A of the thermoplastic resin
articles 2a and 2b in both directions along the axis of the
core 1. The frame 32 restricts not only the outer circum-
ferential portion but the right and left side surfaces, as
viewed in FIG. 16B, of the doughnut-shaped pressurizing
tube 4c. The heating is continued until the illustrated state
is reached, whereby the thermoplastic resin articles can
be welded and joined together with a smooth weld sur-
face free of pinholes. In this manner, the fourth embod-
iment also can provide advantageous effects similar to
those obtained by the foregoing embodiments. In FIGS.
16A and 16B, illustration of the valve is omitted for sim-
plicity’s sake.

(Fifth Embodiment of the Present Invention)

[0091] FIG. 17 illustrates a state in which air pressure
is applied to a compressor of a heating unit of a welding
device for thermoplastic resin articles according to a fifth
embodiment of the present invention. The thermoplastic
resin welding device according to the fifth embodiment
of the present invention is characterized in that a dough-
nut-shaped pressurizing tube 4d has an elliptic cross-
sectional shape. Also, a frame 33 has right and left sides
widened apart, as shown in FIG. 17, so as to conform to
the shape of the doughnut-shaped pressurizing tube 4d.
Like the fourth embodiment, pressure is introduced into
the doughnut-shaped pressurizing tube 4d so that the
pressurizing tube 4d may expand while being restricted
by the frame 33, and with the compressed region extend-
ed outward along the axis of the core 1, the core 1 is
heated, whereby the thermoplastic resin articles can be
welded and joined together with a smooth weld surface
free of pinholes. In the other respects including the op-
eration and advantageous effects, the fifth embodiment
is identical with the fourth embodiment. In FIG. 17, illus-
tration of the valve is omitted for simplicity’s sake.

(Sixth Embodiment of the Present Invention)

[0092] FIG. 18 illustrates the internal structure of a
heating unit of a welding device for thermoplastic resin
articles according to a sixth embodiment of the present
invention, as well as the positional relationship between
the heating unitand a work. The thermoplastic resin weld-
ing device according to the sixth embodiment of the
present invention is characterized in that a pressurizing
tube 4e has a shape obtained by cutting out a part of the
doughnut-shaped pressurizing tube of the above fourth
or fifth embodiment around the center hole.

[0093] In the sixth embodiment of the present inven-
tion, the pressurizing tube 4e is formed so as to have a
shape obtained by cutting out a part of the doughnut-
shaped pressurizing tube around the center hole, that is,
aninwardly convex sectional shape, and the compressor
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is constructed by hermetically attaching the pressurizing
tube 4e to the through hole of the hollow housing 3 similar
to the one used in the first embodiment, and connecting
the pump 5 and the valve 8 to the hollow housing 3. Then,
the high-frequency induction coil 6 is arranged around
the hollow housing 3 to constitute a heating unit. The
sixth embodiment s identical in basic configuration to the
first embodiment and differs therefrom in the shape of
the pressurizing tube 4e.

[0094] Air is fed into the space between the hollow
housing 3 and the pressurizing tube 4e to increase the
internal pressure and thereby reduce the diameter of the
hole of the pressurizing tube 4e, whereupon the nar-
rowed middle portion of the pressurizing tube 4e first
compresses the abutting faces A and their adjoining sur-
faces of the tubular thermoplastic resin articles 2a and
2b. The compressed region then extends in both direc-
tions along the axis of the core 1. With the thermoplastic
resin articles 2a and 2b compressed in this manner, the
core 1 is heated by the high-frequency induction coil 6
to heat the thermoplastic resin articles 2a and 2b from
inside, whereby the thermoplastic resin articles 2a and
2b can be welded and joined together with a smooth weld
surface free of pinholes. Accordingly, the sixth embodi-
ment also can provide advantageous effects similar to
those obtained by the foregoing embodiments.

[0095] The shape of the pressurizing tube 4e has only
to be one obtained by cutting out the inner wall of the
doughnut-shaped pressurizing tube, and the thickness
thereof need not be uniform as illustrated in FIG. 18. The
pressurizing tube 4e shown in FIG. 18 may have a uni-
form (identical) outer diameter (outer periphery) and thus,
a semicircular sectional shape. Alternatively, the pressu-
rizing tube 4e shown in FIG. 18 may have a non-uniform,
varying outer diameter. By making the pressurizing tube
4e in FIG. 18 have a thickness varying in the axial direc-
tion of the core 1, itis possible to set as needed the timing
and pressure for compressing the abutting faces A and
their adjoining surfaces of the thermoplastic resin articles
2a and 2b.

(Seventh Embodiment of the Present Invention)

[0096] FIGS. 19A and 19B illustrate the positional re-
lationship between a heating unit of a welding device for
thermoplastic resin articles according to a seventh em-
bodiment of the present invention and a work.

[0097] Asillustratedin FIG. 19A, the thermoplasticres-
in welding device according to the seventh embodiment
of the present invention is characterized in that a dough-
nut-shaped pressurizing tube 4f is mechanically com-
pressed by pressing members 34 and 35 in directions
along the axis of the core 1, to reduce the diameter of
the center hole.

[0098] FIG. 19B illustrates a state in which the dough-
nut-shaped pressurizing tube 4f of the thermoplastic res-
in welding device according to the seventh embodiment
of the present invention is applied with pressure in direc-
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tions along the axis of the core 1 by the pressing members
34 and 35. The doughnut-shaped pressurizing tube 4f is
held between and compressed by the pressing members
34 and 35 to increase the pressure in the doughnut-
shaped pressurizing tube 4f and reduce the diameter of
the center hole, so that the abutting faces A of the ther-
moplastic resin articles 2aand 2b are compressed. Then,
the doughnut-shaped pressurizing tube 4fis further com-
pressed to increase the internal pressure, and with the
compressed region extended outward along the axis of
the core 1, the core 1 is heated by the high-frequency
induction coil 6 arranged within the doughnut-shaped
pressurizing tube 4f, whereby the thermoplastic resin ar-
ticles can be welded and joined together with a smooth
weld surface free of pinholes.

[0099] Although a unitfor cooling the pressurizing tube
4f constituting the compressor is not illustrated in FIGS.
19A and 19B, air is blown against the compressor such
as the pressurizing tube 4f after the welding, to quickly
cool the compressor.

(Eighth Embodiment of the Present Invention)

[0100] FIGS. 20A and 20B illustrate the positional re-
lationship between a heating unit of a welding device for
thermoplastic resin articles according to an eighth em-
bodiment of the present invention and a work. The ther-
moplastic resin welding device according to the eighth
embodiment of the present invention is characterized in
that a pressurizing tube 4g has a shape obtained by cut-
ting out a part in the vicinity of the center hole of the
doughnut-shaped pressurizing tube 4f of the thermoplas-
tic resin welding device according to the aforementioned
seventh embodiment of the present invention, as illus-
trated in FIG. 20A, that the right and left ends of the pres-
surizing tube 4g, as viewed in FIGS. 20A and 20B, are
attached to pressingmembers 34a and 35a, respectively,
and that the high-frequency induction coil 6 is arranged
around the pressurizing tube 4g. In the eighth embodi-
ment of the present invention, the pressurizing tube 4g
is compressed by the pressing members 34a and 35a
such that the pressurizing tube 4g is mechanically ap-
plied with pressure from both sizes in directions along
the axis of the core 1, whereby the abutting faces A and
their vicinities of the thermoplastic resin articles can be
compressed and welded.

[0101] FIG. 20B illustrates a state in which the pressu-
rizing tube 4g of the thermoplastic resin welding device
according to the eighth embodiment of the present in-
vention is axially compressed by the pressing members
34aand 35a. With the pressurizing tube thus applied with
pressure to extend the compressed region outward along
the axis of the core 1, the core 1 is heated, whereby the
thermoplastic resin articles can be welded and joined to-
gether with a smooth weld surface free of pinholes.
[0102] Since the heater is arranged in the close vicinity
of the surface of the pressurizing tube 4g as shown in
FIGS. 20A and 20B, a suitable heat generator may be
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used to heat the outside of the pressurizing tube 4g, if
necessary, instead of heating the core 1 by the high-
frequency induction coil 6.

[0103] Although a unitfor cooling the pressurizing tube
4g constituting the compressor is not illustrated in FIGS.
20A and 20B, air is blown against the compressor such
as the pressurizing tube 4g after the welding, to quickly
cool the compressor.

(Ninth Embodiment of the Present Invention)

[0104] FIGS. 21A and 21B illustrate the positional re-
lationship between a heating unit of a welding device for
thermoplastic resin articles according to a ninth embod-
iment of the present invention and a work. The thermo-
plastic resin welding device according to the ninth em-
bodiment of the present invention is characterized in that
a laser heating unit 40 is used as the heater. The hollow
housing 3, the pressurizing tube 4 and thermoplastic res-
in articles 2c and 2d are made of materials that transmit
alaser beam therethrough so that the core 1 can be heat-
ed by the transmitted laser beam. With the core 1 kept
rotating, the laser beam is radiated onto the surface of
the core 1, whereupon the core 1 is heated, with the result
that the thermoplastic resin articles 2c and 2d fitted on
the core 1 are melted and welded together.

[0105] Inthe ninth embodiment, the thermoplastic res-
in articles 2c and 2d overlapping each other are welded.
In the illustrated example, the right thermoplastic resin
article 2d as viewed in FIGS. 21A and 21B constitutes
an outer tube, and the distal end of the outer tubular ther-
moplastic resin article 2d is positioned at the midpoint of
the pressurizing tube 4.

[0106] Method of welding thermoplastic resin articles
by radiating a laser beam thereto is described in detail
in Japanese Patent Application No. 2011-512335 filed
by the applicant hereof. For details, reference should be
made to the same document.

[0107] FIG. 21B illustrates a state in which a laser
beam is emitted from the laser heating unit 40 with pres-
sure applied to a compressor of the thermoplastic resin
welding device according to the ninth embodiment of the
present invention. As shown in the figure, with the ther-
moplastic resin articles 2c and 2d compressed by the
pressurizing tube 4 applied with pressure as in the first
embodiment, the laser beam is radiated onto a position
corresponding to the distal end of the thermoplastic resin
article 2d. Consequently, the core 1 is heated by the laser
beam, and the thermoplastic resin articles 2c and 2d can
be welded at the welding part and joined together with a
smooth weld surface free of pinholes.

[0108] FIG. 22A illustrates the positional relationship
between the laser heating unit of the thermoplastic resin
welding device according to the ninth embodiment of the
presentinvention and a work. InFIG. 22A, the laser heat-
ing unit 40 is being moved in the axial direction. Thus,
as illustrated in FIG. 22A, the laser heating unit 40 is
moved from left to right, as viewed in FIG. 22A, such that
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the center of the laser beam moves from the position
corresponding to the distal end of the outer tubular ther-
moplastic resin article 2d to a position corresponding to
the distal end of the inner tubular thermoplastic resin ar-
ticle 2d. Since the laser heating unit 40 is thus moved in
the axial direction, the core 1 is heated over an extended
range, whereby the weld surface can be made smoother.
[0109] FIG. 22B is a sectional view of a thermoplastic
resin tube welded by the welding device according to the
ninth embodiment of the present invention. Since the dis-
tal end of the outer tubular thermoplastic resin article 2d
is positioned at the midpoint of the pressurizing tube 4,
the pressurizing tube 4 compresses the outer tube while
squeezing the same from the distal end toward the prox-
imal end, so that the welded part has such a shape that
the outer diameter thereof smoothly enlarges from the
surface of the inner tube to the surface of the outer tube
without a level difference at the distal end of the outer
tube. Accordingly, the ninthembodiment also can provide
advantageous effects similar to those obtained by the
foregoing embodiments.

[0110] FIGS. 21A to 22B illustrate an exemplary case
where the thermoplastic resin article 2¢ with a large thick-
ness and the thermoplastic resin article 2d with a small
thickness are overlapped and welded together. In the
case of welding large-thickness thermoplastic resin arti-
cles 2c and 2g overlapping each other, a pressurizing
tube 4h shown in FIG. 23 may be employed of which the
diameter is small (d1) at one end and large (d2) at the
other.

[0111] Alternatively, tubular thermoplastic resin arti-
cles with an equal outer diameter may be butted against
each other to be welded together. Also in this case, the
thermoplastic resin articles can be welded at the welding
part and joined together with a smooth weld surface free
of pinholes.

[0112] Inthe embodiments described above, the high-
frequency induction coil and the laser heating unit are
exemplified as the heater, but some other suitable heater
may be used as the case may be.

(Tenth Embodiment of the Present Invention)

[0113] FIGS. 24A and 24B illustrate the positional re-
lationship between a heating unit of a welding device for
thermoplastic resin articles according to a tenth embod-
iment of the present invention and a work. The thermo-
plastic resin welding device according to the tenth em-
bodiment of the present invention is characterized in that
as shown in FIG. 24A, a tubular core 1a is used as the
core and that a heater 6a is arranged in the hollow of the
tubular core 1a. In this embodiment of the present inven-
tion, the tubular core 1a is used to support the thermo-
plastic resin articles 2a and 2b with a large diameter, and
with the welding part kept compressed, the thermoplastic
resin articles are heated and welded together.

[0114] FIG. 24B illustrates a state in which the space
between the hollow housing 3 and the pressurizing tube
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4 of the thermoplastic resin welding device according to
the tenth embodiment of the present invention is applied
with pressure by the pump 5. The pressurizing tube 4 is
thus applied with pressure, and with the compressed re-
gion extended outward along the axis of the core 1a, the
core 1a is heated from within by the heater 6a, whereby
the thermoplastic resin articles 2a and 2b can be welded
and joined together with a smooth weld surface free of
pinholes. In this manner, the tenth embodiment also can
provide advantageous effects similar to those achieved
by the foregoing embodiments. The heater 6a may be a
high-frequency induction coil, sheathed heater or the like.

(Eleventh Embodiment of the Present Invention)

[0115] In the aforementioned first to tenth embodi-
ments of the present invention, butt welding is performed
on tubular thermoplastic resin articles whose end faces
are axially butted against each other, or lap welding is
performed on tubular thermoplastic resin articles over-
lapping each other. The present invention can also be
applied to butt welding of a spirally wound sheet- or plate-
like thermoplastic resin article.

[0116] In the eleventh embodiment of the present in-
vention, a sheet-like narrow thermoplastic resin article
41 is spirally wound on the core 1, as shown in FIG. 25.
The surface of the spirally wound thermoplastic resin ar-
ticle 41 is compressed by a compressor (hollow housing
3, pressurizing tube 4, pump 5, retainers 7, valve 8) of
the heating unit 12, as shown in FIG. 26. The thermo-
plastic resin article 41 is thus applied with pressure by
the compressor, and with the compressed region extend-
ed outward along the axis of the core 1, the core 1 is
heated by the heater 6. Consequently, spirally adjoining
abutting faces 41a of the thermoplastic resin article 41
can be welded together with a smooth weld surface free
of pinholes, thereby obtaining a thermoplastic resin tube.
Where the thermoplastic resin article 41 spirally wound
on the core 1 is long, the article 41 may be intermittently
fed forward through the hole 12a of the heating unit 12
by a fixed distance at a time so that the fixed length of
the thermoplastic resin article 41 may be welded at a
time. In this manner, the eleventh embodiment also can
provide advantageous effects similar to those achieved
by the foregoing embodiments.

[0117] Although in FIGS. 25 and 26, the single sheet-
like thermoplastic resin article 41 is spirally wound on the
core 1 and welded, the present invention may be applied
to welding of the adjoining abutting faces of a plurality of
plate-like thermoplastic resin articles spirally wound side
by side on the core 1 and different in material or color.

(Twelfth Embodiment of the Present Invention)

[0118] The present invention can also be applied to
welding of axially parallel abutting faces 42a and their
vicinities of a plate-like thermoplastic resin article 42
wound around the core 1.
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[0119] As illustrated in FIG. 27, in the twelfth embodi-
ment of the present invention, the thermoplastic resin
article 42 is wound around the core 1 in such a manner
thatthe axially parallel end faces 42a thereof abut against
each other. Then, the abutting end faces 42a of the ther-
moplastic resin article 42, namely, the welding part, and
their vicinities are compressed by the compressor of the
heating unit 12, as shown in FIG. 28. The thermoplastic
resin article 42 is thus applied with pressure by the com-
pressor, and with the compressed region extended out-
ward along the axis of the core 1, the core 1 is heated
by the heater 6. Consequently, the abutting faces 42a of
the thermoplastic resin article 42 parallel with the axis of
the core 1 can be welded together with a smooth weld
surface free of pinholes, thereby obtaining a thermoplas-
tic resin tube. Where the thermoplastic resin article 42
wound around the core 1 is long, the article 42 may be
intermittently fed forward through the hole 12a of the
heating unit 12 by a fixed distance at a time so that the
fixed length of the thermoplastic resin article 42 may be
welded at a time. In this manner, the twelfth embodiment
also can provide advantageous effects similar to those
obtained by the foregoing embodiments.

(Thirteenth Embodiment of the Present Invention)

[0120] In the aforementioned first to twelfth embodi-
ments of the present invention, the thermoplastic resin
articles 2a, 2b, 2c, 2d, 41, 42 are fitted on the outer pe-
riphery of the core 1, 1a. According to the present inven-
tion, the thermoplastic resin articles and the core may be
arranged reversely. Specifically, as illustrated in FIG.
29A, the thermoplastic resin articles 2a and 2b may be
fitted into a tubular core 1b, and with the welding part of
the thermoplastic resin articles 2a and 2b pressed
against the inner peripheral surface of the core 1b by the
compressor arranged inside the thermoplastic resin ar-
ticles 2a and 2b, more particularly, by the outer periphery
of a pressurizing tube 4i, the core 1b may be heated by
the heater 6 to weld the welding part.

[0121] In FIG. 29A, the tubular thermoplastic resin ar-
ticles 2a and 2b are butted against each other inside the
tubular core 1b. The compressor is configured such that
the pressurizing tube 4i has a tubular shape smaller in
diameter than the core 1b and has opposite ends closed
with a hollow housing 36. The hollow housing 36 has
disc-shaped opposite end faces 36a and 36b which are
coupled to each other at their center by a tubular spacer
36¢. Retainers 7a, each in the form of a ring having a
wedge-shaped section but having inner and outer sur-
faces directed reversely to those of the aforementioned
retainers 7, are press-fitted onto the opposite ends of the
pressurizing tube 4i to fix the pressurizing tube 4i to the
opposite ends 36a and 36b of the hollow housing 36.
Further, a plurality of holes are formed in the peripheral
surface of the spacer 36¢ of the hollow housing 36.
[0122] Thepump5is connectedviaapumpconnection
hole to one end 36a of the hollow housing, and the valve

10

15

20

25

30

35

40

45

50

55

16

8 is connected via a valve connection hole to the other
end 36b of the hollow housing. The compressor config-
ured in this manner is located inside the thermoplastic
resin articles 2a and 2b, and a fluid such as air is fed from
the pump 5 through the holes of the spacer 36¢ into the
cavity between the pressurizing tube 4i and the hollow
housing 36, to expand the pressurizing tube 4i in direc-
tions perpendicular to the axis of the core 1b. The heater
6 is arranged around the core 1b.

[0123] Asillustrated in FIG. 29B, the abutting faces A
and their vicinities of the thermoplastic resin articles 2a
and 2b are compressed by the pressurizing tube 4i. The
thermoplastic resin articles 2a and 2b are thus applied
with pressure by the compressor, and with the com-
pressed region extended outward along the axis of the
core 1b, the core 1b is heated by the heater 6. Conse-
quently, the abutting faces A of the thermoplastic resin
articles 2a and 2b can be welded together with a smooth
weld surface free of pinholes.

[0124] After the welding, the fluid such as air is dis-
charged via the valve 8, the pressure of the pressurizer
is lowered to stop compression of the thermoplastic resin
articles 2a and 2b by the pressurizing tube 4i, and the
welded thermoplastic resin articles 2a and 2b are taken
out together with the core 1b and are detached from the
core 1b.

[0125] The pressurizing tube 4i may have such a sec-
tional shape that the outer diameter thereof varies in the
axial direction, more specifically, such that the outer di-
ameter is small at the end portions of the pressurizing
tube 4i and increases toward the middle portion. In this
case, when the pressurizing tube 4i is expanded, the
welding part of the thermoplastic resin articles 2a and
2b, that is, the abutting faces A and their vicinities can
be compressed first by the middle portion of the pressu-
rizing tube 4i. The pressurizing tube 4i may have a uni-
form thickness along its axis, or may alternatively have
auniforminner diameter along its axis such that the pres-
surizing tube 4i has a semicircular sectional shape. Also,
by making the pressurizing tube 4i have a thickness var-
ying in the axial direction, it is possible to set as needed
the timing and pressure for compressing the abutting fac-
es A and their adjoining surfaces of the thermoplastic
resin articles 2a and 2b. In this manner, the thirteenth
embodiment also can provide advantageous effects sim-
ilar to those obtained by the foregoing embodiments.

(Fourteenth Embodiment of the Present Invention)

[0126] The present invention can be applied not only
to butt welding and lap welding of tubular thermoplastic
resin articles as stated above, but also to butt welding
and lap welding of plate-like thermoplastic resin articles.
[0127] FIGS. 30A and 30B illustrate the positional re-
lationship between a heating unit of a welding device for
plate-like thermoplastic resin articles 2e and 2f according
to a fourteenth embodiment of the present invention and
awork. In FIGS. 30A and 30B, a flat plate-like supporting
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base 1c corresponds to the cores 1, 1a and 1b of the
foregoing embodiments, a planar pressurizing sheet 45
corresponds to the pressurizing tubes 4, 4b, 4c, 4d, 4e,
4f and 4g, a hollow housing 37 having an open hole 37a
opening at its bottom corresponds to the hollow housings
3 and 31, and retainers 7b correspond to the retainers 7
and 7a. In the other respects, the basic configuration of
this embodiment is similar to those of the foregoing em-
bodiments. Thus, like reference signs are used to refer
to like component parts, and description of such compo-
nent parts is omitted.

[0128] In FIG. 30A, the plate-like thermoplastic resin
articles 2e and 2f are placed on the flat plate-like sup-
porting base 1c with their end faces butted against each
other. The heater 6 is arranged above and below the
thermoplastic resin articles 2e and 2f.

[0129] Like the embodiments described above, the
compressor is constituted by the hollow housing 37, the
pressurizing sheet 45, the pump 5, the retainers 7b and
the valve 8. The planar pressurizing sheet 45 is affixed
to the lower surface of the hollow housing 37 to hermet-
ically close the open hole 37a. The retainers 7b have an
L-shaped section and fix the planar pressurizing sheet
45 to the hollow housing 37 with the corners of the pres-
surizing sheet 45 pressed against the hollow housing 37.
[0130] The hollow housing 37 is connected with the
pump 5 viaa pump connection hole and is also connected
with the valve 8 via a valve connection hole. A fluid such
asairisintroduced toward the open hole 37a of the hollow
housing 37 by the pump 5 so that the pressurizing sheet
45 may swell downward. Also, the air or the like is vented
through the valve 8 to lower the internal pressure, with
the result that the pressurizing sheet 45 recovers its orig-
inal shape and is separated from the surfaces of the ther-
moplastic resin articles 2e and 2f. The heater 6 is ar-
ranged outside the compressor. In the example illustrat-
ed in FIG. 30A, a high-frequency induction coil is used
as the heater 6 and is so arranged as to surround the
compressor and the supporting base 1c.

[0131] The fluid such as air is introduced by the pump
5 to cause the pressurizing sheet 45 to swell downward
as illustrated in FIG. 30B, and therefore, the abutting fac-
es and their vicinities of the thermoplastic resin articles
2e and 2f are compressed by the pressurizing sheet 45.
In this manner, the thermoplastic resin articles 2e and 2f
are applied with pressure, and with the compressed re-
gion extended, the supporting base 1c is caused to gen-
erate heat by the heater 6, whereby the abutting faces E
and their vicinities of the thermoplastic resin articles 2e
and 2f on the supporting base 1c are heated. Conse-
quently, the abutting faces E of the thermoplastic resin
articles 2e and 2f can be welded together with a smooth
weld surface free of pinholes.

[0132] After the welding, the fluid such as air is vented
through the valve 8 to lower the pressure of the pressu-
rizer and stop compression of the thermoplastic resin ar-
ticles 2e and 2f by the pressurizing sheet 45, and the
welded thermoplastic resin articles 2e and 2f are taken
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out, as in the foregoing embodiments. In this manner,
the fourteenth embodiment also can provide advanta-
geous effects similar to those achieved by the foregoing
embodiments.

(Fifteenth Embodiment of the Present Invention)

[0133] Although in the first through fourteenth embod-
iments described above, a pressurizing pump is used as
the pump 5, the present invention may be applied to a
configuration wherein a depressurizing pump such as a
vacuum pump is used as the pump 5.

[0134] Specifically, as illustrated in FIGS. 31A and
31B, a plurality of air holes 3b are formed in the outer
peripheral surface of the cylindrical hollow housing 3 ex-
tending along the core (mandrel) 1, and the pressurizing
tube 4b is attached to the inner wall of the hollow housing
3. The pressurizing tube 4b is in the form of a cylinder of
which the diameter decreases toward the axially central
portion, and is fixed at its opposite ends to the hollow
housing by the retainers 7, 7. The retainers 7, 7 each
have a through hole through which the thermoplastic res-
in articles 2a and 2b can be inserted. Further, the retain-
ers 7, 7 are associated with seal valves 30, 30, respec-
tively, which are made of rubber and configured to seal
the respective through holes. The work (core 1, thermo-
plastic resin articles 2a and 2b) is inserted through the
seal valves 30, 30 before welding and is pulled out of the
seal valves 30, 30 after welding.

[0135] Since the seal valves 30, 30 of rubber are at-
tached to the respective opposite ends of the hollow
housing 3, the interior of the hollow housing 3 is hermet-
ically sealed, and as the air is sucked into a depressu-
rizing pump 5a, the space between the pressurizing tube
4b and welding objects to be welded, namely, the ther-
moplastic resin articles 2a and 2b is depressurized. Be-
cause of a difference between the internal and external
pressures of the pressurizing tube 4b, the pressurizing
tube 4b presses, with its inner wall surface, the abutting
faces A and their adjoining surfaces of the thermoplastic
resin articles 2a and 2b.

[0136] With the surfaces of the joining portions of the
thermoplastic resin articles 2a and 2b pressed by the
inner wall surface of the pressurizing tube 4b, the core 1
(mandrel) is caused to generate heat by the high-fre-
quency induction coil, whereby the joining portions can
be welded together with a smooth weld surface. As the
gas such as air present between the inner wall surface
of the pressurizing tube 4b and the surfaces of the joining
portions of the thermoplastic resin articles 2a and 2b is
sucked by the depressurizing pump 5a, the inner wall
surface of the pressurizing tube 4b comes into close con-
tact with the surfaces of the joining portions of the ther-
moplastic resin articles 2a and 2b. Once the inner wall
surface of the pressurizing tube 4b comes into close con-
tact with the surfaces of the joining portions of the ther-
moplastic resin articles 2a and 2b, however, no additional
pressure acts upon the outside of the pressurizing tube
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4b, so that the inner wall surface of the pressurizing tube
4b and the surfaces of the joining portions of the thermo-
plastic resin articles 2a and 2b can be kept in close con-
tact with each other with stable pressure applied thereto,
providing the advantage that the close contact state can
be maintained stably.

[0137] Specifically, justafterthe thermoplastic resin ar-
ticles 2a and 2b fitted on the core 1 are inserted through
the inner hole of the pressurizing tube 4b as shown in
FIG. 31A, the inner wall surface of the inner hole of the
pressurizing tube 4b is not in contact with the surfaces
of the joining portions of the thermoplastic resin articles
2a and 2b, thus leaving a gap therebetween, because
the inner diameter of the inner hole of the pressurizing
tube 4b is larger than the outer diameter of the thermo-
plastic resin articles 2a and 2b.

[0138] Asthegassuchasairpresentbetweentheinner
wall surface of the pressurizing tube 4b and the surfaces
of the joining portions of the thermoplastic resin articles
is sucked thereafter by the depressurizing pump 5a, the
inner wall surface of the pressurizing tube 4b comes into
close contact with the surfaces of the joining portions.
FIG. 31B illustrates the state in which the inner wall sur-
face of the pressurizing tube 4b and the surfaces of the
joining portions are in close contact with each other.
Then, electric current is supplied to the high-frequency
induction coil 6, whereupon the core 1 generates heat,
making it possible to weld the joining portions together
with a smooth weld surface.

[0139] Thedepressurizing pump 5a may be configured
to reduce the pressure in multiple stages, for example,
first to the first pressure (P1) and then to the second
pressure (P2). In this case, the welding device of this
embodiment can be used just like the thermoplastic resin
welding devices of the aforementioned first to twelfth em-
bodiments in which the surface ofthe welding part (joining
portions) of the thermoplastic resin articles is com-
pressed first with the first pressure (P1) by the compres-
sor, then the surfaces of the thermoplastic resin articles
are compressed with the second pressure (P2) higher
than the first pressure (P1) to extend the compressed
region without changing the relative position between the
compressor at the compressed region and the surface
of the welding part of the thermoplastic resin articles, the
welding part of the thermoplastic resin articles is heated
and welded by the heater, and after the welding, com-
pression of the thermoplastic resin articles is stopped to
allow the welded thermoplastic resin articles to be taken
out of the welding device.

(Sixteenth Embodiment of the Present Invention)

[0140] In the above fifteenth embodiment of the
present invention, the gas such as air present between
the inner wall surface of the pressurizing tube and the
surfaces of the joining portions is sucked by the depres-
surizing pump. Alternatively, the depressurizing pump
may be used to suck in the gas such as air around the
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outer wall surface of the pressurizing tube.

[0141] FIGS. 32A to 32C illustrate a sixteenth embod-
iment of the present invention having such a configura-
tion. Specifically, in the sixteenth embodiment of the
present invention, the gas such as air present in the
space surrounding the pressurizing tube 4 is sucked by
the depressurizing pump 5a, as seen from FIG. 32A, to
expand the outer wall of the pressurizing tube 4 radially
outward. Then, after the inner diameter of the pressuriz-
ing tube 4 is made larger than the outer diameter of the
joining portions of the thermoplastic resin articles 2a and
2b, the joining portions of the thermoplastic resin articles
2a and 2bfitted on the core 1 are inserted in anon-contact
fashion into the hole of the pressurizing tube 4, as illus-
trated in FIG. 32B. Subsequently, the suction by the de-
pressurizing pump 5a is stopped, whereupon the pres-
surizing tube 4 compresses, with its inner wall surface,
the outer surfaces of the joining portions of the thermo-
plastic resin articles 2a and 2b by its own restoring force.
Then, electric current is supplied to the high-frequency
induction coil 6, so that the core (mandrel) 1 generates
heat, making it possible to weld the joining portions to-
gether with a smooth weld surface.

[0142] Alsointhe sixteenth embodiment of the present
invention, the depressurizing pump 5a may be configured
to reduce the pressure in multiple stages, for example,
first to the first pressure (P1) and then to the second
pressure (P2). In this case, the welding device of this
embodiment can be used just like the thermoplastic resin
welding devices of the aforementioned first to twelfth em-
bodiments in which the surface of the welding part of the
thermoplastic resin articles is compressed first with the
first pressure by the compressor, then the surfaces of
the thermoplastic resin articles are compressed with the
second pressure higher than the first pressure to extend
the compressed region without changing the relative po-
sition between the compressor at the compressed region
and the surface of the welding part of the thermoplastic
resin articles, the welding part of the thermoplastic resin
articles is heated and welded by the heater, and after the
welding, compression of the thermoplastic resin articles
is stoppedto allow the welded thermoplasticresin articles
to be taken out of the welding device.

Industrial Applicability

[0143] The thermoplastic resin welding device accord-
ing to the present invention can be applied to welding of
thermoplastic resin articles such as thin thermoplastic
resin tubes having a small diameter of about 0.2 to 10
mm, like catheters, and thermoplastic resin tubes having
a diameter exceeding 10 mm. The welding device of the
present invention can be suitably applied, in particular,
to welding of thermoplastic resin articles that need to be
joined such that a jointthereof has a smooth outer surface
free of pinholes, as required of catheters, and a desired
heating method, such as high-frequency induction heat-
ing, laser heating or the like, can be selected as needed.
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[0144] Also, the present invention is not limited to the
foregoing embodiments and may be applied to welding
of a wide range of thermoplastic resin articles, including
butt welding and lap welding of tubular thermoplastic res-
in articles and butt welding and lap welding of sheet- or
plate-like thermoplastic resin articles.

Reference Signs List

[0145]

1: core (mandrel)

2a, 2b:  thermoplastic resin article
3: hollow housing

3a: cavity

4: pressurizing tube

5: pump

6: high-frequency induction coil
8: valve

9: work

12: heating unit

13: guide rail

14: carriage

15: position sensor

16: welding manipulator

17: monitor

18: drive motor

19: feed screw

20: feed controller

21: welding controller

22: pressure controller

23: heating controller

40: laser heating unit

Claims

1. A welding device for welding thermoplastic resin ar-

ticles, comprising:

asupporting member (1, 1a, 1b, 1c) which keeps
the thermoplastic resin articles (2a, 2b, 2c, 2d,
2e, 2f, 29, 41, 42) in close contact therewith, to
allow a welding part of the thermoplastic resin
articles to be welded to each other;

a compressor (3, 4, 5, 7) which compresses, in
directions perpendicular to the supporting mem-
ber (1, 1a, 1b, 1c), a surface region comprising
a surface of the welding part of the thermoplastic
resin articles (2a, 2b, 2c, 2d, 2e, 2f, 2g, 41, 42)
and surfaces of the thermoplastic resin articles
adjoining the welding part;

a pressure controller (22) for controlling the
pressure of the compressor (3, 4, 5, 7) to the
surface region;

a heater (6, 6a, 40); and

aheating controller (23) for controlling the heater
(6, 6a, 40);
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characterised in that said welding device fur-
ther comprises: a welding controller (21);
wherein the welding controller (21) is configured
to supervise the pressure controller (22) and the
heating controller (23) such that:

the compressor (3, 4, 5, 7) compresses the
surface of the welding part of the thermo-
plastic resin articles (2a, 2b, 2c, 2d, 2e, 2f,
29g,41,42) with afirst pressure (P1), to press
the thermoplasticresin articles against each
other on the supporting member (1, 1a, 1b,
1c¢) and force out air present between the
compressor (3, 4, 5, 7) and the thermoplas-
tic resin articles, increases the pressure
continuously after a lapse of a fixed time
from the first pressure (P1) to a second
pressure (P2) higher than the first pressure
(P1), and compresses

the thermoplastic resin articles with the sec-
ond pressure (P2) without changing a rela-
tive position between the compressor (3, 4,
5, 7) in the compressed surface region and
the surface of the welding part of the ther-
moplastic resin articles, to extend the com-
pressed surface region outwardly from the
welding part and force out air present be-
tween the compressor (3, 4, 5, 7) and the
thermoplastic resin articles as well as air
present between the supporting member
and the thermoplastic resin articles,

the heater (6, 6a, 40) heats and welds the
welding part after the surface region is com-
pressed by the compressor (3, 4, 5, 7) with
thefirstpressure (P1), and afterthe welding,
the compressor (3, 4, 5, 7) lowers the pres-
sure applied thereby and stops the com-
pression of the thermoplastic resin articles
(2a, 2b, 2c, 2d, 2e, 2f, 2g, 41, 42) to allow
the welded thermoplastic resin articles to be
taken out of the welding device.

The welding device according to claim 1, wherein
the welding controller (21) is configured to supervise
the pressure controller (22) and the heating control-
ler (23) such that:

the heater starts heating after the compressor (3, 4,
5, 7) compresses the surface of the welding part of
the thermoplastic resin articles (2a, 2b, 2c, 2d, 2e,
2f, 29, 41, 42) with the first pressure to press the
thermoplastic resin articles against each other on
the supporting member (1, 1a, 1b, 1c¢) and force out
air present between the compressor (3, 4, 5, 7) and
the thermoplastic resin articles, and keeps heating
while the compressor (3, 4, 5, 7) compresses the
thermoplastic resin articles with the second pressure
to extend the compressed surface region.
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The welding device according to claim 1 or 2,
wherein the supporting member comprises a core
(1, 1a, 1b) which is inserted into the thermoplastic
resin articles (2a, 2b, 2c, 2d, 2g) having a tubular
shape and which supports the thermoplastic resin
articles such that the thermoplastic resin articles are
in close contact with an outer periphery of the core,
and w

herein the welding controller (21) is configured to
supervise the pressure controller (22) and the heat-
ing controller (23) such that the compressor (3, 4, 5,
7) first compresses the surface of the welding part
with the first pressure in directions perpendicular to
an axis of the core (1, 1a, 1b) and then compresses
the thermoplastic resin articles (2a, 2b, 2c, 2d, 2g)
with the second pressure without changing a relative
position between the compressor (3, 4, 5, 7) com-
pressing the compressed surface region and the
welding part of the thermoplastic resin articles, to
extend the compressed surface region along the axis
of the core.

The welding device according to claim 3,

wherein the compressor (3, 4, 5, 7) includes:

a pressurizing tube (4, 4b, 4c, 4d, 4e, 4f, 49, 4h, 4i)
expandable and contractible in directions perpendic-
ular to the axis of the core (1, 1a, 1b), and a pressu-
rizer configured to apply a fluid pressure to the pres-
surizing tube in directions perpendicular to the axis
of the core,

wherein the pressurizer is constituted by:

a hollow housing (3, 31, 36) having a hollow
space to form a cavity between a peripheral sur-
face of the pressurizing tube (4, 4b, 4c, 4d, 4e,
4f, 49, 4h, 4i) and the hollow housing, and

a fluid feeder configured to supply a fluid to the
cavity,

part of the hollow housing (3, 31, 36) is disposed
in close contact with the pressurizing tube (4,
4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) to form the cavity
between the peripheral surface of the pressuriz-
ing tube and the hollow housing, and

wherein the welding controller (21) is configured to
supervise the pressure controller (22) and the heat-
ing controller (23) such that

the fluid is supplied to the cavity by the fluid feeder
to deform the pressurizing tube in directions perpen-
dicular to the axis of the core (1, 1a, 1b) and com-
press the surfaces of the thermoplastic resin articles
(2a, 2b, 2¢, 2d, 29).

The welding device according to claim 1 or 2,
wherein the compressor (3, 4, 5, 7) includes:

an extendable and contractible pressurizing
sheet (45), and
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apressurizer configured to apply afluid pressure
in directions perpendicular to the pressurizing
sheet,

wherein the pressurizer is constituted by:

a hollow housing (37) having an open hole to
form a cavity between the pressurizing sheet
(45) and the hollow housing, and

a fluid feeder configured to supply a fluid to the
cavity,

part of the hollow housing (37) is disposed in
close contact with the pressurizing sheet (45) to
form the cavity between the pressurizing sheet
and the hollow housing, and

wherein the welding controller (21) is configured to
supervise the pressure controller (22) and the heat-
ing controller (23) such that the fluid pressure is sup-
plied to the cavity by the fluid feeder to deform the
pressurizing sheet and compress the surfaces of the
thermoplastic resin articles (2e, 2f).

The welding device according to claim 3,
wherein the compressor (3, 4, 5, 7) includes:

apressurizing tube expandable and contractible
in directions perpendicular to and along the axis
of the core (1, 1a, 1b), and

apressurizer configured to apply pressure to the
pressurizing tube in directions along the axis of
the core, and

wherein the welding controller (21) is configured to
supervise the pressure controller (22) and the heat-
ing controller (23) such that

the pressurizer applies pressure to the pressurizing
tube in directions along the axis of the core (1, 1a,
1b) to deform the pressurizing tube in directions per-
pendicular to the axis of the core and compress the
surfaces of the thermoplastic resin articles (2a, 2b,
2c¢, 2d, 29).

The welding device according to claim 4, wherein:

the pressurizing tube is located outside of the
thermoplastic resin articles (2a, 2b, 2c¢, 2d, 2g),
and

the pressurizing tube has an inner diameter var-
ying in an axial direction of the core (1, 1a, 1b)
such that the inner diameter is large at end por-
tions of the pressurizing tube and decreases to-
ward a middle portion of the pressurizing tube.

8. The welding device according to claim 4, wherein:

the pressurizing tube is located inside of the
thermoplastic resin articles (2a, 2b, 2c¢, 2d, 2g),



9.

10.

1.

12.

13.

39

and

the pressurizing tube has an outer diameter var-
ying in an axial direction of the core (1, 1a, 1b)
such that the outer diameter is small at end por-
tions of the pressurizing tube and increases to-
ward a middle portion of the pressurizing tube.

The welding device according to claim 3, wherein:

the core is a tubular core (1a) having a hollow
in which the heater is arranged, and

the core (1a) is heated by the heater such that
heat of the heated core is transferred to the ther-
moplastic resin articles (2a, 2b, 2c, 2d, 2g) to
weld the thermoplastic resin articles together.

The welding device according to claim 3, wherein:
the heater is a high-frequency induction heater, and
the core (1, 1a, 1b) is heated by the heater such that
heat of the heated core is transferred to the thermo-
plastic resin articles (2a, 2b, 2c, 2d, 2g) to weld the
thermoplastic resin articles together.

The welding device according to claim 3, wherein:

the heater is a laser heater (40), and

the core (1, 1a, 1b) is heated by the heater such
that heat of the heated core is transferred to the
thermoplastic resin articles (2a, 2b, 2c, 2d, 2g)
to weld the thermoplastic resin articles together.

The welding device according to claim 3, comprising
a pressing unit, the pressing unit comprising:

a pressurizing tube (4, 4b, 4c, 4d, 4e, 4f, 49, 4h,
4i) expandable and contractible in directions
perpendicular to the axis of the core (1, 1a, 1b);
and

a hollow housing (3, 31, 36) having a hollow
space to form a cavity between a peripheral sur-
face of the pressurizing tube (4, 4b, 4c, 4d, 4e,
4f, 49, 4h, 4i) and the hollow housing, the hollow
housing having a pump connection hole com-
municating with the hollow space,

wherein the pressurizing tube (4, 4b, 4c, 4d, 4e, 4f,
49, 4h, 4i) and the hollow housing (3, 31, 36) are
unified such that the pressing unit is attachable to
and detachable from the welding device, and
wherein the pressurizing tube (4, 4b, 4c, 4d, 4e, 4f,
44, 4h, 4i)is deformed when applied with afluid pres-
sure via the pump connection hole, to compress the
surfaces of the thermoplastic resin articles (2a, 2b,
2c¢, 2d, 29).

The welding device according to claim 3,
wherein the compressor (3, 4, 5, 7) comprises:
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a pressurizing tube (4, 4b, 4c, 44, 4e, 4f, 49, 4h,
4i) expandable and contractible in directions
perpendicular to the axis of the core (1, 1a, 1b),
and a hollow housing (3, 31, 36) having a hollow
space to form a cavity between a peripheral sur-
face of the pressurizing tube and the hollow
housing, the hollow housing having a pump con-
nection hole communicating with the hollow
space, and

wherein the pressurizing tube and the hollow hous-
ing are unified as a pressing unit, and the pressing
unit is detachably mounted to the welding device and
configured to cause the pressurizing tube (4, 4b, 4c,
4d, 4e, 4f, 49, 4h, 4i) to be deformed when a fluid
pressure is applied to the pressurizing tube via the
pump connection hole, to compress the surfaces of
the thermoplastic resin articles (2a, 2b, 2c, 2d, 29).

The welding device according to claim 1 or 2,
wherein the compressor (3, 4, 5, 7) comprises:

an extendable and contractible pressurizing
sheet (45), and

a hollow housing (37) having an open hole to
form a cavity between the pressurizing sheet
and the hollow housing, the hollow housing hav-
ing a pump connection hole communicating with
the open hole, and

wherein the pressurizing sheet and the hollow hous-
ing are unified as a pressing unit, and the pressing
unit is detachably mounted to the welding device and
configured to cause the pressurizing sheet (45) to
swell when a fluid pressure is applied to the pressu-
rizing sheet via the pump connection hole, to com-
press the surfaces of the thermoplastic resin articles
(2e, 2f).

The welding device according to claim 4,
wherein the fluid feeder is connected with a heater
configured to heat the fluid such that pressure of the
heated fluid is used as the fluid pressure.

The welding device according to claim 1 or 2,
wherein the pressure controller (22) is configured to
perform pressurization control and depressurization
control.

The welding device according to claim 4 or 5,
whereinthe compressor (3, 4, 5, 7) further comprises
a valve (8) for adjusting fluid flow and pressure in
the cavity (3a, 31a, 37a), and

wherein the welding controller (21) is configured to
supervise the pressure controller (22) and the heat-
ing controller (23) such that:

afterthe welding, the valve (8) is opened to allow
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the heated fluid in the cavity discharged, and
the fluid feeder (5) supplies a low-temperature
fluid to the cavity to cool the compressor (3, 4,
5,7).

Patentanspriiche

Schweilvorrichtung zum Schweillen thermoplasti-
scher Kunststoffartikel, umfassend:

ein Stitzelement (1, 1a, 1b, 1c), das die ther-
moplastischen Kunststoffartikel (2a, 2b, 2c, 2d,
2e, 2f, 29, 41, 42) in engem Kontakt damit halt,
um ein Verschweilen von Schweil3bereichen
der thermoplastischen Kunststoffartikel unterei-
nander zu erméglichen,

eine Kompressionseinheit (3, 4, 5, 7), die in
Richtungen senkrecht zum Stitzelement (1, 1a,
1b, 1c) einen Oberflachenbereich komprimiert,
der eine Oberflache des Schweillbereichs der
thermoplastischen Kunststoffartikel (2a, 2b, 2c,
2d, 2e, 2f, 2g, 41, 42) und an den Schweil3be-
reich angrenzende Oberflichen der thermo-
plastischen Kunststoffartikel umfasst;

eine Drucksteuerung (22) zum Steuern des
Drucks der Kompressionseinheit (3, 4, 5, 7) am
Oberflachenbereich;

eine Erwarmungseinrichtung (6, 6a, 40); und
eine Heizsteuerung (23) zum Steuern der Er-
warmungseinrichtung (6, 6a, 40);

dadurch  gekennzeichnet, dass die
Schweildvorrichtung ferner umfasst:

eine Schweillsteuerung (21);

wobei die Schweiflsteuerung (21) dazu
ausgelegt ist, die Drucksteuerung (22) und
die Heizsteuerung (23) so zu Uberwachen,
dass:

die Kompressionseinheit (3, 4, 5, 7) die
Oberflache des SchweilRbereichs der
thermoplastischen  Kunststoffartikel
(2a, 2b, 2c, 2d, 2e, 2f, 2g, 41, 42) mit
einem ersten Druck (P1) komprimiert,
um die thermoplastischen Kunst-
stoffartikel auf dem Stitzelement (1,
1a, 1b, 1¢) aneinander zu driicken und
zwischen der Kompressionseinheit (3,
4, 5, 7) und den thermoplastischen
Kunststoffartikeln vorhandene Luft
nach aulfen zu dréangen, den Druck
nach Ablauf einer festgelegten Zeit
kontinuierlich vom ersten Druck (P1)
auf einen zweiten Druck (P2) erhdht,
der hoéher ist als der erste Druck (P1),
und die thermoplastischen Kunst-
stoffartikel mit dem zweiten Druck (P2)
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komprimiert, ohne eine Relativposition
zwischen der Kompressionseinheit (3,
4,5, 7) im komprimierten Oberflachen-
bereich und der Oberflaiche des
SchweilRbereichs der thermoplasti-
schen Kunststoffartikel zu andern, um
den komprimierten Oberflachenbe-
reich vom SchweilRbereich nach aufien
zu erweitern und zwischen der Kom-
pressionseinheit (3, 4, 5, 7) und den
thermoplastischen Kunststoffartikeln
vorhandene Luft sowie zwischen dem
Stitzelement und den thermoplasti-
schen Kunststoffen vorhandene Luft
nach auflen zu drangen,

die Erwarmungseinrichtung (6, 6a 40)
den Schweil3bereich erwarmt und ver-
schweil’t, nachdem der Oberflachen-
bereich durch die Kompressionseinheit
(3, 4, 5, 7) mit dem ersten Druck (P1)
komprimiert wurde, und nach dem
Schweilken die Kompressionseinheit
(3, 4, 5, 7) den dabei aufgebrachten
Druck senkt und die Kompression der
thermoplastischen  Kunststoffartikel
(2a, 2b, 2c, 2d, 2e, 2f, 2g, 41, 42) be-
endet, um die geschweillten thermo-
plastischen Kunststoffartikel aus der
Schweildvorrichtung herausnehmen zu
kénnen.

Schweillvorrichtung nach Anspruch 1, wobei die
Schweillsteuerung (21) dazu ausgelegt ist, die
Drucksteuerung (22) und die Heizsteuerung (23)
derart zu Uberwachen, dass:

die Erwarmungseinrichtung mit dem Erwarmungs-
vorgang beginnt, nachdem die Kompressionseinheit
(3,4, 5, 7) die Oberflache des Schweilbereichs der
thermoplastischen Kunststoffartikel (2a, 2b, 2c, 2d,
2e, 2f, 29, 41, 42) mit dem ersten Druck komprimiert
hat, um die thermoplastischen Kunststoffartikel auf
dem Stitzelement (1, 1a, 1b, 1c) aneinanderzudri-
cken und zwischen der Kompressionseinheit (3, 4,
5, 7) und den thermoplastischen Kunststoffen vor-
handene Luft nach auRen zu drangen, und den Er-
warmungsvorgang fortsetzt, wahrend die Kompres-
sionseinheit (3, 4, 5, 7) die thermoplastischen Kunst-
stoffartikel mit dem zweiten Druck komprimiert, um
den komprimierten Oberflachenbereich zu erwei-
tern.

Schweiltvorrichtung nach Anspruch 1 oder 2,

wobei das Stiitzelement einen Kern (1, 1a, 1b) um-
fasst, der in die thermoplastischen Kunststoffartikel
(2a, 2b, 2c, 2d, 2g) mit einer réhrenférmigen Form
eingesetzt ist und die thermoplastischen Kunst-
stoffartikel so trégt, dass die thermoplastischen
Kunststoffartikelin engem Kontakt miteinem Auf3en-
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umfang des Kerns stehen, und

wobei die Schweillsteuerung (21) dazu ausgelegt
ist, die Drucksteuerung (22) und die Heizsteuerung
(23) so zu Uberwachen, dass die Kompressionsein-
heit (3, 4, 5, 7) zunachst die Oberflache des
Schweillbereichs mit dem ersten Druck in Richtun-
gen senkrecht zu einer Achse des Kerns (1, 1a, 1b)
komprimiert und dann die thermoplastischen Kunst-
stoffartikel (2a, 2b, 2¢, 2d, 2g) mitdem zweiten Druck
komprimiert, ohne eine Relativposition zwischen der
Kompressionseinheit (3, 4,5, 7), die den komprimier-
ten Oberflachenbereich komprimiert, und dem
SchweilRbereich der thermoplastischen Kunst-
stoffartikel zu &ndern, um den komprimierten Ober-
flachenbereich entlang der Achse des Kerns zu er-
weitern.

Schweilvorrichtung nach Anspruch 3,
wobei die Kompressionseinheit (3, 4, 5, 7) Folgen-
des umfasst:

ein Druckbeaufschlagungsrohr (4, 4b, 4c, 4d,
4e, 4f, 49, 4h, 4i), das in Richtungen senkrecht
zur Achse des Kerns (1, 1a, 1b) ausdehnbar und
zusammenziehbar ist, und

eine Druckeinheit, die dazu ausgelegt ist, einen
Fluiddruck auf das Druckbeaufschlagungsrohr
in Richtungen senkrecht zur Achse des Kerns
auszuliben,

wobei die Druckeinheit aus Folgendem besteht:

einem Hohlgehause (3, 31, 36) mit einem
hohlen Raum zum Bilden eines Hohlraums
zwischen einer Umfangsflache des Druck-
beaufschlagungsrohrs (4, 4b, 4c, 4d, 4e, 4f,
44, 4h, 4i) und dem Hohlgehause, und
einer Fluidzufihreinheit, die dazu ausge-
legt ist, ein Fluid in den Hohlraum zu leiten,
wobei ein Teil des Hohlgehduses (3, 31, 36)
in engem Kontakt mit dem Druckbeauf-
schlagungsrohr (4, 4b, 4c, 4d, 4e, 4f, 4q,
4h, 4i) angeordnet ist, um den Hohlraum
zwischen der Umfangsflache des Druckbe-
aufschlagungsrohrs und dem Hohlgehause
zu bilden, und

wobei die Schweiflsteuerung (21) dazu
ausgelegt ist, die Drucksteuerung (22) und
die Heizsteuerung (23) so zu Uberwachen,
dass

das Fluid dem Hohlraum durch die Fluidzu-
fuhreinheit zugefiihrt wird, um das Druck-
beaufschlagungsrohr in Richtungen senk-
recht zur Achse des Kerns (1, 1a, 1b) zu
verformen und die Oberflachen der thermo-
plastischen Kunststoffartikel (2a, 2b, 2c, 2d,
2g) zu komprimieren.

5. Schweilvorrichtung nach Anspruch 1 oder 2,
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wobei die Kompressionseinheit (3, 4, 5, 7) Folgen-
des umfasst:

eine ausdehnbare und zusammenziehbare
Druckbeaufschlagungsfolie (45), und

eine Druckeinheit, die dazu ausgelegt ist, einen
Fluiddruck in Richtungen senkrecht zur Druck-
beaufschlagungsfolie anzulegen,

wobei die Druckeinheit aus Folgendem besteht:

einem Hohlgehause (37) mit einem offenen
Durchgang zum Bilden eines Hohlraums
zwischen der Druckbeaufschlagungsfolie
(45) und dem Hohlgehause, und

eine Fluidzufliihreinheit, die dazu ausgelegt
ist, ein Fluid in den Hohlraum zu leiten,
wobei ein Teil des Hohlgehauses (37) inen-
gem Kontakt mit der Druckbeaufschla-
gungsfolie (45) angeordnet ist, um den
Hohlraum zwischen der Druckbeaufschla-
gungsfolie und dem Hohlgehause zu bilden,
und

wobei die Schweiflsteuerung (21) dazu
ausgelegt ist, die Drucksteuerung (22) und
die Heizsteuerung (23) so zu Uberwachen,
dass

der Fluiddruck dem Hohlraum durch die Flu-
idzuflhreinheit zugefihrt wird, um die
Druckbeaufschlagungsfolie zu verformen
und die Oberflachen der thermoplastischen
Kunststoffartikel (2e, 2f) zu komprimieren.

6. Schweilvorrichtung nach Anspruch 3,

wobei die Kompressionseinheit (3, 4, 5, 7) Folgen-
des umfasst:

ein Druckbeaufschlagungsrohr, das in Richtun-
gen senkrecht zur und entlang der Achse des
Kerns (1, 1a, 1b) ausdehnbar und zusammen-
ziehbar ist, und

eine Druckeinheit, die dazu ausgelegt ist, Druck
auf das Druckbeaufschlagungsrohr in Richtun-
gen entlang der Achse des Kerns anzulegen,
und

wobei die Schweil3steuerung (21) dazu ausge-
legt ist, die Drucksteuerung (22) und die Heiz-
steuerung (23) so zu Uiberwachen, dass

die Druckeinheit einen Druck auf das Druckbe-
aufschlagungsrohr in Richtungen entlang der
Achse des Kerns (1, 1a, 1b) anlegt, um das
Druckbeaufschlagungsrohrin Richtungen senk-
recht zur Achse des Kerns zu verformen und die
Oberflachen der thermoplastischen Kunst-
stoffartikel (2a, 2b, 2c, 2d, 2g) zu komprimieren.

Schweildvorrichtung nach Anspruch 4, wobei:

sich das Druckbeaufschlagungsrohr aulRerhalb
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der thermoplastischen Kunststoffartikel (2a, 2b,
2c¢, 2d, 2g) befindet, und

das Druckbeaufschlagungsrohr einen Innen-
durchmesser aufweist, der in axialer Richtung
des Kerns (1, 1a, 1b) so variiert, dass der Innen-
durchmesser an Endabschnitten des Druckbe-
aufschlagungsrohrs grof} ist und zu einem mitt-
leren Abschnitt des Druckbeaufschlagungs-
rohrs hin abnimmt.

Schweillvorrichtung nach Anspruch 4, wobei:

sich das Druckbeaufschlagungsrohr innerhalb
der thermoplastischen Kunststoffartikel (2a, 2b,
2c¢, 2d, 2g) befindet, und

das Druckbeaufschlagungsrohr einen AuRen-
durchmesser aufweist, der in axialer Richtung
des Kerns (1, 1a, 1b) so variiert, dass der Au-
Rendurchmesser an Endabschnitten des Druck-
beaufschlagungsrohrs klein ist und sich zu ei-
nem mittleren Abschnitt des Druckbeaufschla-
gungsrohrs hin vergrof3ert.

9. Schweildvorrichtung nach Anspruch 3, wobei:

10.

1.

der Kern ein rohrférmiger Kern (1a) mit einem
Hohlraum ist, in dem die Erwarmungseinrich-
tung angeordnet ist, und

der Kern (1a) durch die Erwarmungseinrichtung
so erwarmt wird, dass Warme des erwarmten
Kerns auf die thermoplastischen Kunststoffarti-
kel (2a, 2b, 2c, 2d, 2g) Ubertragen wird, um die
thermoplastischen Kunststoffartikel miteinan-
der zu verschweil3en.

Schweilvorrichtung nach Anspruch 3, wobei:

die Erwdrmungseinrichtung eine Hochfrequenzin-
duktions-Erwarmungseinrichtung ist und der Kern
(1, 1a, 1b) durch die Erwdrmungseinrichtung so er-
warmt wird, dass Warme des erwarmten Kerns auf
die thermoplastischen Kunststoffartikel (2a, 2b, 2c,
2d, 2g) ubertragen wird, um die thermoplastischen
Kunststoffartikel miteinander zu verschweif3en.

Schweilvorrichtung nach Anspruch 3, wobei:

die Erwarmungseinrichtung eine Laser-Erwar-
mungseinrichtung (40) ist, und

der Kern (1, 1a, 1b) durch die Erwarmungsein-
richtung so erwarmt wird, dass Warme des er-
warmten Kerns auf die thermoplastischen
Kunststoffartikel (2a, 2b, 2c, 2d, 2g) libertragen
wird, um die thermoplastischen Kunststoffartikel
miteinander zu verschweil3en.

12. Schweilvorrichtung nach Anspruch 3, umfassend

eine Presseinheit, wobei die Presseinheit umfasst:
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ein Druckbeaufschlagungsrohr (4, 4b, 4c, 4d,
4e, 4f, 4g, 4h, 4i), das in Richtungen senkrecht
zur Achse des Kerns (1, la, 1b) ausdehnbar und
zusammenziehbar ist; und

ein Hohlgehause (3, 31, 36) mit einem hohlen
Raum zum Bilden eines Hohlraums zwischen
einer Umfangsflaiche des Druckbeaufschla-
gungsrohrs (4, 4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) und
dem Hohlgehause, wobei das Hohlgehause ei-
ne mit dem hohlen Raum verbundene Pumpen-
anschlusséffnung aufweist,

wobei das Druckbeaufschlagungsrohr (4, 4b,
4c, 4d, 4e, 4f, 49, 4h, 4i) und das Hohlgehause
(3, 31, 36) so zusammengefasst sind, dass die
Presseinheit an der Schweillvorrichtung befes-
tigbar und von ihr I6sbar ist, und

wobei das Druckbeaufschlagungsrohr (4, 4b,
4c, 4d, 4e, 41, 49, 4h, 4i) bei Aufbringung eines
Fluiddrucks Uber die Pumpenanschlusséffnung
verformt wird, um die Oberflachen der thermo-
plastischen Kunststoffartikel (2a, 2b, 2c, 2d, 2g)
zu komprimieren.

13. Schweilvorrichtung nach Anspruch 3,
wobei die Kompressionseinheit (3, 4, 5, 7) umfasst:

ein Druckbeaufschlagungsrohr (4, 4b, 4c, 4d,
4e, 4f, 4g, 4h, 4i), das in Richtungen senkrecht
zur Achse des Kerns (1, 1a, 1b) ausdehnbar und
zusammenziehbar ist, und ein Hohlgehause (3,
31, 36) mit einem hohlen Raum zur Bildung ei-
nes Hohlraums zwischen einer Umfangsflache
des Druckbeaufschlagungsrohrs und dem Hohl-
gehause, wobei das Hohlgehause eine mit dem
hohlen Raum verbundene Pumpenanschluss-
6ffnung aufweist, und

wobei das Druckbeaufschlagungsrohr und das
Hohlgehause als Presseinheit zusammenge-
fasst sind, und die Presseinheit 16sbar an der
Schweillvorrichtung montiert und dazu ausge-
legt ist, das Druckbeaufschlagungsrohr (4, 4b,
4c, 4d, 4e, 4f, 49, 4h, 4i) sich verformen zu las-
sen, wenn Uber die Pumpenanschlusséffnung
ein Fluiddruck auf das Druckbeaufschlagungs-
rohr aufgebracht wird, um die Oberflachen der
thermoplastischen Kunststoffartikel (2a, 2b, 2c,
2d, 2g) zu komprimieren.

14. Schweilvorrichtung nach Anspruch 1 oder 2,
wobei die Kompressionseinheit (3, 4, 5, 7) umfasst:

eine ausdehnbare und zusammenziehbare
Druckbeaufschlagungsfolie (45), und

ein Hohlgehause (37) mit einem offenen Durch-
gang zum Bilden eines Hohlraums zwischen der
Druckbeaufschlagungsfolie und dem Hohlge-
hause, wobei das Hohlgehduse eine mit dem
offenen Durchgang verbundene Pumpenan-



15.

16.

17.

47 EP 2 815 870 B1 48

schlusso6ffnung aufweist, und

wobei die Druckbeaufschlagungsfolie und das
Hohlgehduse als Presseinheit zusammenge-
fasst sind, und die Presseinheit I6sbar an der
Schweillvorrichtung montiert und dazu ausge-
legtist, die Druckbeaufschlagungsfolie (45) zum
Ausbeulen zu bringen, wenn ein Fluiddruck tiber
die Pumpenanschlusséffnung auf die Druckbe-
aufschlagungsfolie aufgebracht wird, um die
Oberflachen der thermoplastischen Kunst-
stoffartikel (2e, 2f) zu komprimieren.

Schweilvorrichtung nach Anspruch 4,

wobei die Fluidzufiihreinheit mit einer Erwarmungs-
einrichtung verbunden ist, die dazu ausgelegt ist,
das Fluid zu erwarmen, derart, dass der Druck des
erwarmten Fluids als Fluiddruck verwendet wird.

Schweilvorrichtung nach Anspruch 1 oder 2,
wobei die Drucksteuerung (22) dazu ausgelegt ist,
eine Druckbeaufschlagungssteuerung und eine
Druckentspannungssteuerung durchzufiihren.

Schweillvorrichtung nach Anspruch 4 oder 5,
wobei die Kompressionseinheit (3, 4, 5, 7) ferner ein
Ventil (8) zum Einstellen eines Fluidstroms in den
und eines Fluiddrucks in dem Hohlraum (3a, 31a,
37a) umfasst, und

wobei die Schweillsteuerung (21) dazu ausgelegt
ist, die Drucksteuerung (22) und die Heizsteuerung
(23) so zu Uberwachen, dass:

nach dem Schweil’en das Ventil (8) gedffnet
wird, um das erwarmte Fluid im Hohlraum aus-
strdbmen zu lassen, und

die Fluidzufiihreinheit (5) dem Hohlraum ein
Niedertemperaturfluid zur Kihlung der Kom-
pressionseinheit (3, 4, 5, 7) zuflhrt.

Revendications

1.

Dispositif de soudage pour le soudage d’articles en
résine thermoplastique, comprenant :

- un élément de support (1, 1a, 1b, 1¢) qui main-
tient les articles en résine thermoplastique (2a,
2b, 2c, 2d, 2e, 2f, 2g, 41, 42) en contact étroit
avec eux-mémes, destiné a permettre de sou-
der entre elles une piéce soudée respective des
articles en résine thermoplastique ;

-un compresseur (3, 4, 5, 7) qui compresse per-
pendiculairement a I'’élément de support (1, 1a,
1b, 1c) une zone en surface comprenant une
surface de la piéce soudée des articlesenrésine
thermoplastique (2a, 2b, 2c, 2d, 2e, 2f, 2g, 41,
42) et des surfaces des articles en résine ther-
moplastique adjacentes a la piéce soudée ;
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- un pressostat (22) pour contrdler la pression
du compresseur (3, 4, 5, 7) a la région en
surface ;

- un dispositif de chauffage (6, 6a, 40) ; et

- un contrdleur de chauffe (23) pour controler le
dispositif de chauffage (6, 6a, 40) ;

caractérisé en ce que ledit dispositif de soudage
comprend en outre :

- un contréleur de soudage (21) ;

dans lequel le contréleur de soudage (21) est congu
pour surveiller le pressostat (22) et le controleur de
chauffage (23) de telle sorte que :

- le compresseur (3, 4, 5, 7) compresse la sur-
face de la piéce soudée des articles en résine
thermoplastique (2a, 2b, 2c, 2d, 2e, 2f, 2g, 41,
42) a une premiére pression (P1) pour presser
les articles en résine thermoplastique les uns
contre les autres sur I'élément de support (1, 1a,
1b, 1c) et pour expulser l'air présent entre le
compresseur (3, 4, 5, 7) et les articles en résine
thermoplastique, augmente en continu la pres-
sion aprés un laps de temps donné pour la faire
passer de la premiére pression (P1) a une
deuxiéme pression (P2) supérieure a la premié-
re pression (P1), et compresse les articles en
résine thermoplastique a la deuxiéme pression
(P2) sans changer une position relative entre le
compresseur (3, 4, 5, 7) dans la zone en surface
compressée et la surface de la piéce soudée
des articles en résine thermoplastique pour
étendre la zone en surface compressée vers
I'extérieur a partir de la piéce soudée, et expul-
ser I'air présent entre le compresseur (3, 4, 5,
7) et les articles en résine thermoplastique ainsi
que l'air présent entre I'élément de support et
les articles en résine thermoplastique,

- le dispositif de chauffage (6, 6a, 40) chauffe et
soude la piéce soudée aprés que la zone en
surface est compressée par le compresseur (3,
4,5, 7) a la premiére pression (P1) et aprés le
soudage, le compresseur (3, 4, 5, 7) baisse la
pression qui y est appliquée et stoppe la com-
pression des articles en résine thermoplastique
(2a, 2b, 2¢, 2d, 2e, 2f, 29, 41, 42) pour permettre
de retirer les articles en résine thermoplastique
du dispositif de soudage.

Dispositif de soudage selon la revendication 1, dans
lequel le contréleur de soudage (21) est congu pour
surveiller le pressostat (22) et le contréleur de chauf-
fage (23) de telle sorte que :

- le dispositif de chauffage commence a chauffer
apres que le compresseur (3,4, 5, 7) compresse
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la surface de la piéce soudée des articles en
résine thermoplastique (2a, 2b, 2c, 2d, 2e, 2f,
29, 41, 42) a la premiére pression pour presser
les articles en résine thermoplastique les uns
contre les autres sur I'élément de support (1, 1a,
1b, 1c) et pour expulser l'air présent entre le
compresseur (3, 4, 5, 7) et les articles en résine
thermoplastique, et continue a chauffer tandis
que le compresseur (3, 4, 5, 7) compresse les
articles enrésine thermoplastique aladeuxiéme
pression pour étendre la zone en surface com-
pressée.

Dispositif de soudage selon la revendication 1 ou 2,
danslequell'élément de support comprend un noyau
(1, 1a, 1b) qui est inséré dans les articles en résine
thermoplastique (2a, 2b, 2c, 2d, 2g) ayant une forme
tubulaire et qui supporte les articles en résine ther-
moplastique de telle sorte que les articles en résine
thermoplastique sont en contact étroit avec une pé-
riphérie extérieure du noyau, et

dans lequel le controleur de soudage (21) est congu
pour surveiller le pressostat (22) et le contréleur de
chauffage (23) de telle sorte que le compresseur (3,
4, 5, 7) compresse d’abord la surface de la piece
soudée a la premiére pression, perpendiculairement
aun axe du noyau (1, la, 1b), et compresse ensuite
les articles en résine thermoplastique (2a, 2b, 2c,
2d, 2g) a la deuxiéme pression sans changer une
position relative entre le compresseur (3, 4, 5, 7)
compressant la zone en surface compressée et la
pieéce soudée des articles enrésine thermoplastique,
afin d’étendre la région en surface compressée le
long de I'axe du noyau.

Dispositif de soudage selon la revendication 3,
dans lequel le compresseur (3, 4, 5, 7) contient :

- un tube de pressurisation (4, 4b, 4c, 4d, 4e, 4f,
449, 4h, 4i) susceptible de se dilater et de se con-
tracter perpendiculairement a 'axe du noyau (1,
1a, 1b), et

- un pressuriseur congu pour appliquerune pres-
sion de fluide au tube de pressurisation perpen-
diculairement a I'axe du noyau,

dans lequel le pressuriseur est constitué d’ :

- un boitier creux (3, 31, 36) possédant un es-
pace creux destiné a former une cavité entre
une surface périphérique du tube de pressuri-
sation (4,4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) etle boitier
creux, et

- un canal d’amenée de fluide congu pour ap-
provisionner la cavité en fluide,

- une partie du boitier creux (3, 31, 36) est placée
en contact étroit avec le tube de pressurisation
(4, 4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) pour former la
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cavité entre la surface périphérique du tube de
pressurisation et le boitier creux, et

dans lequel le contréleur de soudage (21) est congu
pour surveiller le pressostat (22) et le controleur de
chauffage (23) de telle sorte que

- la cavité est approvisionnée en fluide via le
canal d’'amenée de fluide pour déformer le tube
de pressurisation perpendiculairement a I'axe
dunoyau (1, 1a, 1b) et pour compresser les sur-
faces des articles en résine thermoplastique
(2a, 2b, 2c¢, 2d, 29).

5. Dispositif de soudage selon la revendication 1 ou 2,

dans lequel le compresseur (3, 4, 5, 7) contient :

- une feuille de pressurisation (45) susceptible
de se dilater et de se contracter, et

- un pressuriseur congu pour appliquer une pres-
sion de fluide perpendiculairement a la feuille
de pressurisation,

dans lequel le pressuriseur est constitué d’ :

- un boitier creux (37) possédant un trou ouvert
destiné a former une cavité entre la feuille de
pressurisation (45) et le boitier creux, et

- un canal d’amenée de fluide congu pour ap-
provisionner la cavité en fluide,

- une partie du boftier creux (37) est placée en
contact étroit avec la feuille de pressurisation
(45) afin de former la cavité entre la feuille de
pressurisation et le boitier creux, et

dans lequel le contréleur de soudage (21) est congu
pour surveiller le pressostat (22) et le contréleur de
chauffage (23) de telle sorte que la pression de fluide
estfournie ala cavité par le canal d’'amenée de fluide
afin de déformer la feuille de pressurisation et de
compresser les surfaces des articles en résine ther-
moplastique (2e, 2f).

Dispositif de soudage selon la revendication 3,
dans lequel le compresseur (3, 4, 5, 7) contient :

- un tube de pressurisation susceptible de se
dilater et se contracter perpendiculairement a et
le long de I'axe du noyau (1, 1a, 1b), et

- un pressuriseur congu pour appliquer une pres-
sion au tube de pressurisation dans des direc-
tions le long de I'axe du noyau,

dans lequel le contréleur de soudage (21) est congu
pour surveiller le pressostat (22) et le controleur de

chauffage (23) de telle sorte que

- le pressuriseur applique une pression au tube
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de pressurisation dans des directions le long de
'axe du noyau (1, 1a, 1b) pour déformer le tube
de pressurisation perpendiculairement a I'axe
du noyau et compresser les surfaces des arti-
cles en résine thermoplastique (2a, 2b, 2c, 2d,

2g).

Dispositif de soudage selon la revendication 4, dans
lequel :

- le tube de pressurisation se trouve a I'extérieur
des articles en résine thermoplastique (2a, 2b,
2c¢, 2d, 2g), et

- le tube de pressurisation a un diamétre inté-
rieur variable dans une direction axiale du noyau
(1, 1a, 1b) de telle sorte que le diametre intérieur
est de grande taille aux portions d’extrémité du
tube de pressurisation et va en décroissant jus-
qu’a une portion du milieu du tube de pressuri-
sation.

Dispositif de soudage selon la revendication 4, dans
lequel :

- le tube de pressurisation se trouve a l'intérieur
des articles en résine thermoplastique (2a, 2b,
2c¢, 2d, 2g), et

- le tube de pressurisation posséde un diamétre
extérieur variable dans une direction axiale du
noyau (1, 1a, 1b) de telle sorte que le diameétre
extérieur est de petite taille aux portions d’ex-
trémité du tube de pressurisation et va en s’ac-
croissant jusqu’a une portion du milieu du tube
de pressurisation.

9. Dispositif de soudage selon la revendication 3, dans

lequel :

- le noyau est un noyau tubulaire (1a) possédant
un creux dans lequel est agencé le dispositif de
chauffage, et

- le noyau (1a) est chauffé par le dispositif de
chauffage de telle sorte que la chaleur du noyau
chauffé est transférée aux articles en résine
thermoplastique (2a, 2b, 2¢, 2d, 2g) pour souder
les articles en résine thermoplastique les uns
aux autres.

10. Dispositif de soudage selon la revendication 3, dans

lequel :

- le dispositif de chauffage est un dispositif de
chauffage par induction a haute fréquence, etle
noyau (1, 1a, 1b) est chauffé par le dispositif de
chauffage de telle sorte que la chaleur du noyau
chauffé est transférée aux articles en résine
thermoplastique (2a, 2b, 2¢, 2d, 2g) pour souder
les articles en résine thermoplastique les uns
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1.

12.

13.

52
aux autres.

Dispositif de soudage selon la revendication 3, dans
lequel :

- le dispositif de chauffage est un générateur de
chaleur laser (40), et

- le noyau (1, 1a, 1b) est chauffé par le dispositif
de chauffage de telle sorte que la chaleur du
noyau chauffé est transférée aux articles en ré-
sine thermoplastique (2a, 2b, 2c, 2d, 2g) pour
souder les articles en résine thermoplastique les
uns aux autres.

Dispositif de soudage selon la revendication 3, com-
prenant une unité de pressage, ladite unité de pres-
sage comprenant :

- un tube de pressurisation (4, 4b, 4c, 4d, 4e, 4f,
44, 4h, 4i) susceptible de se dilater et de se con-
tracter perpendiculairement a I'axe du noyau (1,
1a, 1b) ; etunboitier creux (3, 31, 36) possédant
un espace creux destiné a former une cavité en-
tre une surface périphérique du tube de pressu-
risation (4, 4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) et le
boitier creux, ledit boitier creux possédant un
trou de connexion de pompe qui communique
avec I'espace creux,

dans lequel le tube de pressurisation (4, 4b, 4c, 4d,
4e, 4f, 49, 4h, 4i) et le boitier creux (3, 31, 36) sont
réunis de telle sorte que l'unité de pressage est sus-
ceptible d’étre attachée au dispositif de soudage et
d’en étre détachée, et dans lequel le tube de pres-
surisation (4,4b, 4c,4d, 4e, 4f, 49, 4h, 4i) estdéformé
lorsqu’une pression de fluide lui est appliquée via le
trou de connexion de pompe, afin de compresser les
surfaces des articles en résine thermoplastique (2a,
2b, 2¢, 2d, 29) .

Dispositif de soudage selon la revendication 3,
dans lequel le compresseur (3, 4, 5, 7) contient :

- un tube de pressurisation (4, 4b, 4c, 4d, 4e, 4f,
44, 4h, 4i) susceptible de se dilater et de se con-
tracter perpendiculairement a I'axe du noyau (1,
1a, 1b), etun boitier creux (3, 31, 36) possédant
un espace creux destiné a former une cavité en-
tre une surface périphérique du tube de pressu-
risation et le boitier creux, ledit boitier creux pos-
sédant un trou de connexion de pompe qui com-
munique avec I'espace creux,

dans lequel le tube de pressurisation et le boitier
creux sont réunis en tant qu'une unité de pressage,
et ladite unité de pressage est montée de maniéere
détachable au dispositif de soudage et congue pour
entrainer la déformation du tube de pressurisation
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(4, 4b, 4c, 4d, 4e, 4f, 49, 4h, 4i) lorsqu’une pression
de fluide est appliquée au tube de pressurisation via
le trou de connexion de pompe, afin de compresser
les surfaces des articles en résine thermoplastique
(2a, 2b, 2c¢, 2d, 29).

Dispositif de soudage selon la revendication 1 ou 2,
dans lequel le compresseur (3, 4, 5, 7) contient :

- une feuille de pressurisation (45) susceptible
de se dilater et de se contracter, et

- un boitier creux (37) possédant un trou ouvert
destiné a former une cavité entre la feuille de
pressurisation et le boitier creux, ledit boitier
creux possédant un trou de connexion de pom-
pe qui communique avec le trou ouvert, et

dans lequel la feuille de pressurisation et le boitier
creux sont réunis en tant qu’une unité de pressage,
et ladite unité de pressage est montée de maniére
détachable au dispositif de soudage et congue pour
provoquer le gonflement de la feuille de pressurisa-
tion (45) lorsqu’une pression de fluide est appliquée
a ladite feuille de pressurisation via le trou de con-
nexion de pompe, afin de compresser les surfaces
des articles en résine thermoplastique (2e, 2f).

Dispositif de soudage selon la revendication 4,
dans lequel le canal d’'amenée de fluide est relié a
un dispositif de chauffage congu pour chauffer le flui-
de de sorte que c’est la pression du fluide chauffée
qui est utilisée comme pression de fluide.

Dispositif de soudage selon la revendication 1 ou 2,
dans lequel le pressostat (22) est congu pour réaliser
le contréle de pressurisation et le contrble de dé-
pressurisation.

Dispositif de soudage selon la revendication 4 ou 5,
dans lequel le compresseur (3, 4, 5, 7) comprend en
outre une valve (8) pour ajuster le flux et la pression
de fluide dans la cavité (3a, 31a, 37a), et

dans lequel le controleur de soudage (21) est congu
pour surveiller le pressostat (22) et le contréleur de
chauffage (23) de telle sorte que :

- apres le soudage, la valve (8) est ouverte pour
permettre I'évacuation du fluide chauffé de la
cavité, et

- le canal d’amenée de fluide (5) fournit a la ca-
vité un fluide a basse température pour refroidir
le compresseur (3, 4, 5,7) .
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